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Abstract 
 Friendly House, a non-profit organization in Worcester Massachusetts, is looking to 
expand their current facilities to accommodate their growing clientele of the less fortunate 
members of the community.  The team was tasked with determining how to incorporate new 
facilities into their current site, which imposes many topographic restrictions.   The project group 
developed a master plan for the site, placing an emphasis on a low-income transitional housing 
complex that would house food services and provide a source of income for the Friendly House 
during construction services and beyond.  The site design integrates a new main facility, 
additional parking and recreational space, and a complete architectural and structural layout for 
the new transitional housing complex.  This new site layout and housing complex satisfies the 
needs of the Friendly House but further research of additional components should be conducted 
to determine whether or not the project is economically feasible.  
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Fulfillment of Capstone Design Requirements  
 ABET certification requires a Capstone Design Experience that incorporates skills 
obtained in the classroom with real world engineering standards and realistic constraints.  This 
section outlines the design problem, approach, and realistic constraints of this MQP that fulfill 
the Capstone Design requirements. 
Design Problem 
The project focuses upon a potential new site design for the Friendly House of Worcester, 
MA.  Due to the recent expansion of services provided by the Friendly House, the Director is 
looking to expand the current facility and reshape the layout of the site.  It was the team’s 
responsibility not only to design a master plan, but also to architecturally and structurally design 
a new building and provide a cost estimate and schedule for this potential new building.  
Approach  
The team first studied the conceptual needs and space requirements of the Friendly House 
while exploring the current site conditions.  Based off of these observations, a structured site 
design was prepared that includes a new main facility adjacent to the existing gymnasium, a low 
income housing complex, expanded parking facilities, and additional green space for outdoor 
activities.  The team then focused on the architectural and structural layout for the proposed 
housing complex, along with a schedule and cost estimate to construct this building.  The site 
plan and building design were developed with sustainability in mind to accommodate present 
needs, but also allowing for future expansion to occur. 
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Realistic Constraints 
The Capstone Design requires that engineering standards are used while considering 
realistic constraints.  This section outlines the constraints that were met in the completion of this 
MQP.  As discussed below, this report considers economic, environmental, sustainability, 
manufacturability, health and safety, and social/political constraints. 
Economic, Environment, & Manufacturability 
The project as a whole presents a realistic economic constraint to the Friendly House as a 
project of this size requires a considerable amount of funding.  The team was forced to alter and 
eliminate specific components of the design in the interest of saving money.  One of the ways in 
doing so was designing green features that would limit energy costs and provide a building 
which is energy conscious and environmentally friendly.  Features such as Agriboard sandwich 
panels and a green roof were implemented to regulate storm water runoff and control the loss of 
energy through the building envelope.  In addition to these green features, the architectural and 
structural materials used were chosen with manufacturability and constructability in mind.  For 
instance, pre-manufactured and easily assembled materials reduce the project duration and labor 
cost associated with it. 
Health & Safety  
Health and safety concerns were also considered throughout the project duration.  The 
site layout allows for safe and convenient pedestrian flow and provides accessibility to the 
handicapped as well as considers all applicable local zoning requirements.  The housing complex 
was designed in compliance with all relevant building codes to address issues such as fire 
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protection and means of exit.  To help promote the general welfare of its occupants, the building 
layout considers all architectural guidelines necessary for this type of structure. 
Social & Political 
Throughout the duration of the project, social factors played a large part in the decisions 
made by the team in design.  The team recognized the importance of the Friendly House to the 
surrounding community and its need to continually expand to serve the growing population.  In 
order to accommodate the needs of the Friendly House along with those of the City of 
Worcester, there was constant collaboration between the team and the respective parties.  
Changes in the project scope that occurred were reflective of the concerns and requests of these 
two parties and ensured that final design satisfied everyone and provides a realistic solution to 
their current problem. 
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Chapter 1: Introduction 
 The Friendly House project is aimed at developing a new and much larger facility that 
can host a series of activities and programs that the Friendly House currently provides and would 
like to provide in the near future.  The second main purpose is to find a way to generate a source 
of income to allow this expansion to occur.  This multi-dimensional project encompasses site 
development, project planning, and building design.  In the effort to encompass the needs of all 
the parties involved, an investigation was conducted to determine the requests of Friendly House 
staff members along with those of the City of Worcester.  Considerations highlighted were the 
need for a larger kitchen facility, more classroom space for the children, and an outdoor 
recreation area that would serve individuals of all ages. 
 The number of individuals seeking help from Friendly House has increased over the 
years due to the struggling economy not only in Worcester, but the United States as a whole.  
Due to this increase, a much larger facility that offers additional programs is necessary.  A major 
concern of this project is to find a way to avoid shutting down  Friendly House’s critical 
programs such as their food program and youth services during construction, so that the people 
in need are not neglected.  Therefore, the team was tasked with developing a master plan that can 
be broken up into several sequential phases that will allow continuous flow of activity while 
completing a full construction of Friendly House facilities.  
 As part of the master plan, the team determined that the most feasible way activities 
could continue to operate at full capacity during construction would be to re-locate the Friendly 
House’s programs to a nearby facility.  A low-income transitional housing complex was 
integrated into the final design of Friendly House facilities to accommodate the program’s needs 
during the construction process. This facility will then transition into two-stories of housing 
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apartments along with space for a full kitchen and cafeteria on the lower floor that can assist 
Friendly House in their rapidly expanding food services program.  
 Once the general square footage requirements for the low-income transitional housing 
complex were determined, extensive research was conducted and several designs were developed 
to incorporate all the necessary architectural and structural requirements.  Architecturally, the 
project group looked at factors such as building codes, space requirements for activities, privacy 
concerns, and the general functionality of the building. During the structural design phase, the 
team placed emphasis on proper sizing of columns, girders and beams, by looking at the layout 
of the building and performing calculations from different types of loads; and at the same time 
considering the most economical and environmentally friendly design. 
 The final results of the project show the master plan and design of the low-income 
transitional housing complex according to the needs of Friendly House, as expressed by staff 
members in the beginning phase of the project.  The combination of the new Friendly House 
facility and the transitional housing complex will allow the Friendly House to continue 
expanding its services and keep them available to residents throughout the entire construction 
process. However, the team believes that in order for the project to be completed within a 
reasonable budget that could be financed by Friendly House and the City of Worcester, 
additional work needs to be completed to form a compromise between the expectations of the 
organization and its realistic economic feasibility. 
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Chapter 2: Background 
To complete the task of developing a master plan and designing a low-income, 
transitional housing complex, the project team found it necessary to conduct background 
research involving the main components of the project.  Preliminary information on the history 
of the Friendly House was gathered to learn the organization’s past accomplishments and goals. 
These could then be mirrored and built upon in the future with the help of the new facilities.  The 
team also researched similar construction projects that have been initiated by non-profit 
organizations to see what design concepts worked best and incorporate them into both the master 
plan and the design of the housing complex.  In addition, the project group wanted to gain insight 
on different sustainability components that could be added into the design of the housing 
complex.  This chapter provides basic information regarding methods to make the building 
envelope “greener” by means of energy efficient exterior walls and roof.  Since the final design 
needed to be produced using multiple forms of civil engineering software, this chapter also 
provides basic information regarding the basic capabilities of these programs and their 
application to the project. 
History of the Friendly House 
Friendly House, originally a small settlement house for immigrants in Worcester MA, 
was founded in 1920.  Its purpose was to “promote neighborhood health and welfare for the 
betterment of Worcester and to further the interests of Worcester’s immigrants” (Friendly House, 
“About”).  This included providing a sense of community and neighborhood health, while 
introducing them to the culture and traditions of Worcester.  This three-room settlement house 
offered classes in housekeeping, cooking, and sewing for the women, while the boys underwent 
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manual training.  The friendly house was not all hard work, as social gatherings were also 
planned and greatly enjoyed.  
As a few years passed by, and demand for such services grew, Friendly House expanded 
not only in facilities, but also in what they had to offer.  A pre-school nursery, dental clinic, and 
first aid were only a few of these additions.  The new location on Wall Street, obtained in the late 
1920’s, offered much more capacity and a spacious playground, creating a better sense of 
community.  
In 1928, Friendly House became an independent, not-for-profit organization, with its very 
own Board of Directors.  Despite this promising accomplishment, the following decade 
presented Friendly House with continual challenges as the Great Depression hit.  More and more 
individuals turned to Friendly House for guidance, shelter, and opportunity.  During this time 
period, Friendly House became involved in government supported programs for the first time. 
With commitment and determination, Friendly House was able to survive during the tough 
economic times and earn the respect of many.  
In 1939, Friendly House expanded further by adding a Mother’s Club.  This program 
allowed the mothers and grandmothers of the children of Friendly House to participate not only 
in household activities, but also in field trips to local industries, with the hope of educating and 
Americanizing these women.  However, this focus did not last long as World War II began soon 
after, requiring much of the older individuals to serve.  With the men in the armed forces and the 
women in defense positions, the focus shifted back to the children as the Nursery School was 
filled to capacity.  This focus on school-aged children remained the primary focus of Friendly 
House after the completion of the war.  Music, arts and crafts, nature programs, and summer trips 
are just some of the many activities provided for children by Friendly House. 
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 Throughout the 1950’s and 60’s, Friendly House faced challenges similar to those of the 
rest of the country with the rising poverty levels amongst inner city neighborhoods (Friendly 
House History, 2010).  However, with the hiring of its first Program Director, Gordon Hargrove, 
Friendly House would continue to alter its programs and services to fit the needs of the 
community.  After receiving a grant of nearly $10,000 from the Office of Economic Opportunity, 
Friendly House was able to reshape its programs to provide social services to approximately 
2,000 needy residents.  The expansion of services not only provided an immense amount of help 
to the surrounding community, but sparked the growth of the Friendly House that resembles the 
organization that it is today.    
With its continued growth and financial support from the community, Friendly House 
was able to construct a new facility on the site of St. George Orthodox Church, seen in Figure 1, 
which was located next door to the existing building.  In addition to the new facility, Friendly 
House was able to in initiate new programs such as the Head Start Program and a new child 
feeding program in the early 1970’s.  Friendly House began creating programs for teens, elders, 
and families that focused on improving negative aspects of the community, such as the rising 
crime and drug problems in the Worcester area.  By 1983, Friendly House had established an 
emergency shelter for homeless families at its current location of 36 Wall Street, becoming the 
first agency in the state of Massachusetts to provide USDA surplus foods to needy families in the 
community.  Friendly House maintained continued involvement with the United Neighborhood 
Center Association (UNCA) and helped establish the Oak Hill Community Development 
Corporation, which is still providing services in Worcester.   
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Figure 1: Current Friendly House Building 
Friendly House is now a United Way agency and works in cooperation with other 
outreach centers such as the Centro Las America, and the Henry Lee Willis Neighborhood, and 
continues to grow with funds from various federal, state and local grants.  With several other 
neighborhood centers in Worcester being forced to close down, Friendly House has become the 
leader in providing services to any needy residents, by providing “shelter, emergency help, food, 
medical care, after school and summer programs, day care, senior programs and counseling” 
(Friendly House History, 2010).  In 2010 alone, approximately 25,000 residents received 
assistance from the Friendly House, while an additional 3,000 residents sought help from 
Friendly House’s Social Service Department.  Friendly House continues to have a tremendous 
impact on young people by proving a safe environment, where kids can grow, learn and have 
fun, away from the inner city streets of Worcester.  
Similar Projects by Non-Profit Organizations 
 To assist in design possibilities for the new facility and transitional housing complex, the 
team researched several projects that have successfully been built to accommodate social service 
programs, similar to the ones provided by Friendly House.  Common practices involved in these 
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projects could be observed and potential problems could be recognized.  Through this research 
the team learned from projects that have already been constructed so that related design 
components could be included in the master plan.  
Boys & Girls Club of Worcester 
Opened in 2006, the Boys & Girls Club of Worcester recently built a new 50,000 sq. foot 
facility (see Figure 2 below) that incorporates many of the same features in its design as Friendly 
House (Boys and Girls Club of Worcester, 2012). 
 
Figure 2: Boys & Girls Club Facility (Programs & Services, 2012) 
Similar to Friendly House, the Boys & Girls club of Worcester sought to incorporate 
education, recreation, and general support space for the people that will utilize its services. To 
accommodate several different recreational services, the Boys & Girls Club facility has 19,500 
sq. feet of athletic space including a gymnasium with a high school basketball court, two cross-
courts, a volleyball court, and an exterior basketball court.  The gymnasium also has plenty of 
space for locker rooms and shower facilities.  Additionally, the new design has a wellness center, 
a boxing ring, an indoor miniature baseball field and a natatorium with a six-lane competitive 
pool. 
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The facility provides plenty of space for the organization’s services to thrive and to give 
its clients an abundance of room to participate in learning activities such as computer lessons, art 
lessons, and music lessons, as well as locations to play board games or do homework.  This 
portion of the building is over 5,000 total sq. feet and is separated into two major program areas, 
divided by a lobby in the center.  Included in this space are conference rooms for executive 
personnel to conduct meetings and host teen group clubs. These teen clubs practice leadership 
skills or participate in programs that strive to educate teens on positive behaviors to enhance the 
own well-beings and live healthier lives.  The architects for the project, Bargmann Hendrie & 
Archetype Inc., stated that this section of the facility was designed to complement the outdoor 
environment of the area, as its floor plan runs in a similar pattern to the train tracks located 
outside of the building (Recreation Management, 2007).  Since the new Friendly House facility 
will be incorporated into existing site components, much like the Boys and Girls Club, it will 
also be important to compliment the building layout with a smooth transition from the outside 
environment. 
The Boys & Girls Club also provides food services to the Worcester community, and like 
Friendly House, needed a new café and full service kitchen to serve food and hold events.  The 
café and multi-purpose area takes up approximately 3,800 sq. feet.  Friendly House looks to 
design a similar type of space for its food program, but would require additional square footage 
to accommodate a larger café area that can hold more people for events. 
Project Place 
Located in Boston, Massachusetts, Project Place is a non-profit organization that aims to 
create jobs, offer skills training, and supply housing to needy individuals in the downtown 
Boston Area (Project Place, 2012).  Recently, Project Place moved to their new “green” facility 
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to allow for the expansion of its programming and social services, and to provide a greater 
amount of affordable housing to those in need.  Similar to the Friendly House’s goals of a 
transitional housing complex, Project Place’s facility, pictured in Figure 3, is separated into 14 
efficiency housing units on the top two floors while the remaining six stories are occupied by a 
commercial kitchen, conference rooms, classrooms, employee workspace and retail restaurant 
space (Consigli Featured Projects, 2012).  
 
Figure 3: Project Place Facility (Consigli Featured Projects, 2012) 
The new Project Place facility is especially significant in the research for the Friendly 
House facility because it is an environmentally friendly building and, most importantly, 
incorporates the design of low-income affordable housing into the building plan.  The project 
group could see how similar housing has been effectively laid out for its residents.  The 14 
efficiency housing units are relatively small in size and have numerous different floor plans 
(Lane, 2007).  Two of the fourteen units are handicap accessible and each unit includes a bed, 
nightstand, dresser, desk, and dining room table (Project Place, 2012).  In addition, all units have 
a private kitchen with all the necessary appliances and bathrooms with shower stalls. Amongst 
many considerations from the designer Dennis Duffy, a major concern was to ensure that the 
housing units were designed in a way that could be easily maintained.  It was thought that there 
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would be routine turnovers between residents because the purpose of the housing is more to 
provide a temporary place to gain skills and monetary power  to achieve a better state of living 
(Lane 2007).  In addition to housing units, there are common rooms available to residents as well 
as a separate laundry room and trash room.  
The Friendly House made suggestions to the project team that the low-income 
transitional housing complex should incorporate sustainable features, making the facility 
environmentally friendly and energy efficient.  Thus, it was important to take notice of the 
“green” components that were used in projects like Project Place.  In their transitional housing, 
the floors are constructed primarily with recycled rubber and the walls have been decorated with 
environmentally friendly paint (Lane, 2007).  Most importantly, a geothermal heat pump will 
provide heat and air conditioning for the complex, cutting the utility costs by an estimated 40 
percent.  The heating element and open grill for air conditioning occupy a small space on the 
wall of each unit.  The Project Place set out to achieve “Gold” level certification within the U.S. 
Green Building Council’s Leadership in Energy and Environmental Design standards, which is 
more commonly known as the LEED ratings. 
Sustainability in Building Design 
 Sustainable building designs often seek to achieve a desired LEED Rating (Leadership in 
Energy and Environmental Design) and to cut on energy costs. LEED certification “provides a 
third party verification that a building was designed and built with strategies aimed at achieving 
high performance in five key areas of human and environmental health: sustainable site 
development, water saving, energy efficiency, material selection and indoor environmental 
quality”, (What LEED Delivers, 2011). If the design of the Friendly House housing complex can 
be recognized by the government for being sustainable or even LEED certified, it may be able to 
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receive additional stipends to help fund the project.  Additionally, a sustainable design will help 
conserve energy, making it possible for Friendly House to save money.  However, for this to be 
accomplished, sustainable building strategies needed to be looked at during the developmental 
stages of design.  
Green Roofs 
 Installing a green roof on top of the low-income housing complex would be one viable 
solution to make the building more sustainable. It was important for the project team to 
understand the functions of a green roof as well as look at similar designs that have previously 
been built.  Traditionally, a green roof system consists of a lightweight growing soil and 
vegetation planted over a water resistant membrane, seen in Figure 4. 
 
Figure 4: Green Roof Structure (Install A Green Roof, 2011) 
Its purpose is primarily to act as a method for storm water control by holding the storm 
water in the vegetation reducing run-off on site and promoting evapotranspiration (Philadelphia 
Water Department, 2011).  In addition to reducing runoff, green roofs can have other benefits 
such as reducing the cooling and heating costs of the building, extending the roof’s lifespan, and 
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even improving air quality by filtering dust particles. Another benefit of a roof garden is an 
increased R-value.  Typically, the growing media of a green roof exhibits an R-value of 5 per 
inch of thickness (Method for Determining the Resistance, 2000).  Therefore, a standard green 
roof with 3 inches of growing media would achieve an approximate R-value of 15, not including 
any other elements of the roof structure.  Since a green roof is intended to filter storm water, 
special considerations must be made when selecting the waterproof membrane in order to protect 
the structural integrity of the roof. Green roofs will cause an increased amount of stress on the 
roof members; therefore structural calculations must take into consideration the added loads.  
Further explanations of the associated loads are discussed in later sections.   
One local project, seen below in Figure 5, which was completed in 2008 with a green 
roof design, was the East Hall residence building at Worcester Polytechnic Institute (Martinelle 
2009).  East Hall’s signature feature, the living green roof, was the first of its kind in the city of 
Worcester.  The roof consists of approximately 5,000 square feet of sedum, chives and several 
other types of plants on top of 12,900 square feet of Energy Star roofing.  In 2009, the building 
was awarded the Gold LEED certification for its roof design as well as several other sustainable 
features.  
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Figure 5: WPI East Hall Green Roof (Martinelle, 2008) 
Energy Efficient Structural Panels   
The housing complex can also incorporate sustainable design through the use of energy 
efficient structural wood panels.  These panels can be used as load-bearing walls or they can 
simply be attached to the structural frame of the building.  One particular brand of this product is 
called Agriboard, pictured below in Figure 6. The panels are composed of compressed wheat 
straw with a timber stand sub-frame (Agriboard Panels, 2012). 
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Figure 6: Agriboard Panels (Agriboard Panels, 2012) 
Due to the increased efficiency of factory assembly and reduced on-site construction 
time, the installation of Agriboard is relatively inexpensive. Most importantly, once they are 
installed, the lower life-cycle energy costs will save Friendly House valuable money over the 
long-term.  Agriboard can increase energy efficiency and cut energy costs because of its ability 
to be more air tight than other construction materials.  In fact, Agriboard has been shown to be 
up to seven-times more effective at controlling air inside a building compared to traditional 
methods.  This results in the building requiring less energy to heat or cool it and helps maintain a 
consistent temperature throughout the facility.  As additional proof of its energy efficiency, 
Agriboard panels exhibit an extremely high R-value, meaning that it is very resistant to heat flow 
through the material.  Currently, Agriboard offers panel in 4 inch and 8 inch thicknesses that 
have R-values of approximately 13 and 25 respectively.  In parallel, Agriboard panels have a 
greater thermal mass, which helps regulate the changes in temperature throughout the day and 
therefore less money needs to be spent on altering the temperature within the building.  
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The exterior walls and roof are the two main components that comprise the building 
envelope, which is where the majority of the energy is lost.  By using a green roof and Agriboard 
panels the building envelope achieves a greater R-value, which means that less energy is lost and 
more money is saved. 
Computer Applications Used in Analysis and Design 
Over the course of the project, it was critical for the team to utilize available computer 
applications in order to visually display the final design work.  The three main programs used by 
the group were AutoCAD Civil 3D, Autodesk Revit Architecture and Autodesk Revit Structure.  
Therefore, it was important to understand the general capabilities of each program before 
beginning the design process, so that each one could be effectively and efficiently used.  
AutoCAD Civil 3D 
 AutoCAD Civil 3D is a civil engineering software used by engineers, drafters, designers, 
and technicians that work on projects involving transportation, land development, and water 
resources among many others (AutoCAD Civil 3D Features, 2012).  The main reason this 
program was selected by the project group was because of its capabilities to easily display plan 
sets and create profiles from alignments.  The program’s display styles, annotation features, and 
easy drafting tools make it the best choice for modeling the existing conditions and designing the 
master plan.  
 AutoCAD Civil 3D also allows for GIS information to be converted to a drawing file, so 
that it can be used as a 3D surface utilized to show important information regarding the existing 
conditions.  Specific to this project, the 3D surface was used to create profiles that show the 
changes in elevation along a given piece of land.  By converting a simple polyline into an 
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alignment the software can then show the changes in elevation along that alignment based off 3D 
contour lines across the site.  The AutoCAD program makes this process relatively straight 
forward and allows multiple profiles to be created in a short amount of time. The team wanted to 
capture profile information across several cross sections of the Friendly House site requiring an 
effective program like AutoCAD. 
Autodesk Revit Architecture and Revit Structure  
Autodesk Revit Architecture and Revit Structure are a type of Building Information 
Modeling software that can be utilized in design as a 2D drafting element as well as a parametric 
3D model (Dzambazova et al.  2010).  Revit Architecture is extremely useful because a user can 
create a model for a building, layout its floors plans with furniture, and then finally render the 
drawing into a real-life 3D image.  Essentially, once the final size of a building has been 
determined, Revit Architecture can be used to lay out precisely what the inside of the building 
will look like.  For the purpose of the project, this function is the most appealing capability.  
Whether it is the type of flooring, window sizes, stairwell locations, or kitchen layouts, Revit 
Architecture can incorporate nearly every detail of design into the building’s final representation.  
Once all details of the design have been determined, the 3D components allow third parties to 
see what the building should look like as if it were built.  This capability is critical in this project 
setting because other parties will want to see the final design before deciding to make any 
financial or time investments.  
 Similar to Revit Architecture, Revit Structure allows nearly every piece of information 
regarding a building’s structural layout to be displayed both in 2D and 3D modeling.  In 2D plan 
view, users are able to see the locations and sizes of beams, columns, girders and any other 
structural components.  This makes it extremely convenient to visually show the number of each 
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type of beam or column that is required for a building.  A simple, yet very informative setup in 
its 2D view allows the project team to convey important structural information to third parties 
with relative ease.  Although Revit Structure’s 3D components are very advanced, its capabilities 
will only be touched upon slightly during the course of this project but it will still allow third 
parties to view the building’s structural elements.  Within this view it will be difficult to convey 
sizing and strength information, but it will allow third parties to see that the locations of the 
beams, columns and girders can be implemented without compromising the building’s 
architectural layout 
Finally, it is important that Autodesk’s Revit programs are used throughout the design 
because data, models, plans and many other types of information can be transferred from one 
program platform to another (Coordinating and Sharing Information, 2007).  This makes it 
possible to incorporate features of each program into one final display of the design including 
nearly every component of the building.  
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Chapter 3: Design Process 
Several months prior to the initiation of the project, the team developed a well-defined 
scope of work that would satisfy the needs of Friendly House.  In April 2011, meetings began 
with the Executive Director of Friendly House, Gordon Hargrove, along with WPI professor and 
member of the Friendly House Board of Directors, Bill Baller, and Architect Dan Benoit, to 
discuss possibilities for the development of the land owned by the Friendly House.  Additionally, 
it was critical for the team to become familiar with the land owned by Friendly House, the City 
of Worcester, and nearby residents to further identify the scope of work.  Therefore, the project 
group was led around the Friendly House’s and neighboring properties to get a first look at the 
existing conditions of the properties, as well to gain knowledge regarding the different lot sizes 
and property boundaries.  Although it was difficult to predict what the final scope of work would 
be, this preliminary visit at Friendly House, allowed the group to get a general understanding of 
the project and gain an understanding its’ major goals.   
 After several meetings with the individuals involved in the project, a scope of work was 
finalized that satisfied Friendly House’s near and long term goals. Through the use of 
engineering practices the team would: 
1. Identify and plot the existing conditions of all the land and buildings pertaining to the 
Friendly House expansion, as well as provide descriptions of the land’s current condition. 
2. Develop a master plan showing the entire property in question, including main 
buildings, site access, and site uses. The master plan includes “phases” that should be 
completed sequentially in order to meet the final goals of Friendly House. 
3. Identify a list of tasks that should be accomplished in order to complete the phases 
indicated on the master plan. 
  33 
4. Provide the architectural and structural design for the low-income, transitional housing 
complex that is to be used by the Friendly House as a temporary space to host activities 
during construction and later as an apartment building.  
 The project’s scope of work described above was based mainly off of requests from the 
Friendly House to meet their future goals.  By creating an existing conditions plan, Friendly 
House will be able to identify the nature of the project at hand.  This will also allow future 
groups involved with the work to easily see the land conditions to accurately estimate the extent 
of work and its associated costs.  The team believed this to be the first step, so that a master plan 
and its activities can be aimed at transforming the land’s current conditions into the Friendly 
House’s desired final product.  
 In addition to addressing the existing conditions of the property, the master plan’s 
purpose is to advise Friendly House of what the project team believes the final site should look 
like once all construction phases are complete.  Once the master plan has been turned into a 
reality, Friendly House’s goals should be satisfied.  The master plan is also accompanied by a 
construction phase plan because the team recognizes that the property cannot be transformed in 
one stage without completely disrupting Friendly House services.  This will allow future groups 
who work with Friendly House to identify the steps required to complete the master plan. 
 Finally, the most significant portion of the project focused on one particular phase; the 
design of a multi-purpose facility that will be eventually transformed into a source of income as a 
low-income apartment complex.  This process included the architectural and structural design of 
the building and its integration on the site.  Among other tasks, the group sized the building, laid 
out its floor plans, and designed its structural members to ensure that the layout of the building 
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would be structurally sound.  However, before this could be completed, the existing conditions 
needed to be identified.  
Evaluating the Existing Conditions 
In order to accurately depict the existing conditions of the Friendly House property, the 
team needed to incorporate many engineering components. These included on- site surveying, 
evaluating land conditions, determining property boundaries, and utilizing the field information 
by inputting the data into software such as GIS, and AutoCAD Civil 3D.  The field work was 
essential to gather accurate data for both the existing conditions plan and the master plan, while 
the computer software allowed the findings to be plotted clearly and presentably to Friendly 
House and the City of Worcester.  
To determine the property boundaries and plot them with AutoCAD, the team first 
obtained the deed of Friendly House from Professor William Baller.  The deed indicated 
distances and direction (in the form of coordinates) for the property line that existed around 
Friendly House. However, the deed itself gave a starting point that appeared to be in 
questionable condition. Therefore, the group went out on site in an attempt to locate any other 
property pins to provide more accurate coordinates for the property line.  After thoroughly 
searching the property, no other property line pins were found.  This is most likely due to the 
drastic changes that have occurred on site over the years such as the growth of plant life, the 
removal of roads, or erosion of soil.  To face this dilemma and confirm an accurate starting point, 
team members visited the Worcester District Registry of Deeds and acquired a plan that showed 
not only the Friendly House Property line, but also the surrounding lot lines.  With the original 
deed and the acquired plan from the Registry, the team found it necessary to confirm the lot lines 
on site to ensure its accuracy, as well as ensure that the new plan confirmed the starting point of 
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the Friendly House property line.  On site, it was confirmed that the new plan was accurate and 
the starting point was consistent with the Friendly House deed. From this starting point at the 
south boundary of the site, towards the east side of Thorne Street, the team was able to layout the 
boundaries of the Friendly House property and surrounding properties in AutoCAD Civil 3D.  
Figure 7 shows the property boundaries and ownership of the area surrounding Friendly House. 
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Figure 7:  Ownership Breakdown 
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It was found that the area owned by Friendly House consisted of approximately 30,255 
sq. ft.  This property extends 200 feet North and 195 feet to the East on Thorne Street. On the 
Northern end, property owned by Friendly House is confined by the land owned by the City of 
Worcester.  Included in the final square footage of the Friendly House properties is the vacant lot 
located on the other side of Wall St.  In addition to the land currently owned by Friendly House, 
the team evaluated the areas on both the North and South side of Montreal Street.  The lots to the 
South of Montreal Street, seen in Figure 8 below, were critical to the master plan because if they 
were to be acquired, the land would provide additional space for expansion. 
 
Figure 8: Montreal Street Properties 
This area of land, comprised of 4 different lots, was found to be 21,000 square feet.  If 
eventually acquired, this would give Friendly House approximately 51,255 sq. feet of land to 
build on and use as recreational land space.  The land on the North side of Montreal Street was 
treated as a “last resort” piece of land.  Friendly House would not want to purchase the land if it 
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wasn’t necessary, but was willing to do so if it was needed to complete construction or serve as 
additional parking.  Finally, the team calculated the area of land owned by the City of Worcester, 
so that it could be integrated with the Friendly House land in the master plan.  The area owned 
by the city was found to be roughly 89,269 sq. feet. 
With the lot sizes and dimensions in mind, it is crucial to understand the conditions of the 
site.  The Friendly House property currently consists primarily of the existing building, the 
parking lot, and the vacant lot across Wall St.  The building itself has a footprint of 14,980 sq. 
feet, while the parking lot is approximately 5,595 sq. feet, as pictured in Figure 9. 
 
Figure 9: East End of Friendly House Building and Parking Lot 
Both are located on the South end of the property owned by Friendly House.  In terms of 
site conditions, the areas away from the building are well grown in with moderate to heavy 
vegetation and areas on the South-East end of the site contain shale, making it very costly to 
excavate and level off.  The most noticeable feature of the site that influences the master plan 
design is the change in elevations across the site.  Figure 10 shows the existing topography of the 
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site with all site infrastructures as well as the locations of the profile alignments which are 
described below. 
 
Figure 10: Existing Conditions Plan 
Towards the South end of the site near Thorne Street, the elevation changes by 33 feet 
from East to West.  However, this location is already occupied by the current Friendly House and 
parking lot, so additional excavation in this area will be minimized and the shale to the east of 
the parking lot keeps the soil stable on that side.  This increase in elevation can be seen in the 
cross section in Figure 11. 
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Figure 11: Cross Section: Front Friendly House 
Towards the front of Friendly House, the elevation changes even more, as it slopes 
upward and increases by more than 40 feet.  This section of land will need to be leveled off and a 
retaining wall will be necessary at the north end of the parking lot to prevent soil slippage and 
erosion.  This cross section can be seen in Figure 12. 
 
Figure 12: Cross Section: Mid Friendly House 
 The same approach will need to be taken near the Montreal Street properties, where the 
elevation changes by over 30 feet.  A series of retaining walls, with considerable excavation will 
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be needed to open up the space and make it more usable as recreational area.  Below, in Figure 
13, the cross sections of the areas around Montreal Street and Shale Street are shown 
respectively.  Following these profiles, Figure 14 captures the drastic change in elevation along 
the Montreal Street properties. 
 
 
Figure 13: Cross Section: Montreal Street & Shale Street 
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Figure 14: Existing Conditions of Montreal Street 
Overall, the existing conditions make it a difficult process to improve the site so that the 
construction process can begin.  However, if several improvements are made, the site will allow 
for activities to take place in an accessible environment.  If the land is leveled and protected 
through the use of retaining walls, the existing property can be transformed into an area that will 
meet the needs of the Friendly House. 
Identifying the Needs of the Friendly House 
Once the team was able to plot the property boundaries in CAD and fully lay out the 
existing conditions of the site, it was important to identify the Friendly House’s current needs 
and desires for a new facility, so that the master plan could be designed accordingly.  In order to 
so, the project team met with Friendly House Director Gordon Hargrove, as he detailed the 
Friendly House’s current programs and discussed additional programs in the coming years.  
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As a general concern, Mr. Hargrove emphasized the need for a larger food storage space 
and additional rooms for other various programs.  Also, the need for air conditioning or some 
other form of air circulation to keep the children cool during the summer was highlighted.  In the 
past, humidity had driven children away and made the gym floor dangerous due to the moisture.  
Concerning the development of land to be used for a park, Hargrove was in-different as to the 
construction means, as long as the end result was a recreational area the community could enjoy.  
For the properties located adjacent to Montreal Street, Mr. Hargrove suggested the idea 
of the low-income, transitional housing complex to offer community housing and provide 
income to help fund the project as well as future endeavors.  In addition, it was insisted that the 
building be sustainable, in hopes that it will be able to generate more funding from government 
agencies.  Hargrove commented that the addition of this housing complex would then create the 
need for additional parking.  It was estimated that a total of 70 spaces would be needed.  In 
accommodating this need, it would be desirable to use the empty lot across the street from 
Friendly House, barring no more environmental concerns.  
Hargrove expressed his interest in beginning construction on the housing complex as 
soon as possible.  From there, the outdoor space could be expanded not only for the Friendly 
House children, but also for community members of all ages.  The Friendly House vision for 
such a park includes recreational areas organized as part of a “tiered” system, where each tier 
could be utilized by a different age group. This layout would provide space for the youngest 
children at the bottom of the hill and increase age with elevation.  Besides the demand for a 
playing field, the layout of the outdoor space could be designed in several different ways to 
provide a multitude of different activities. 
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In terms of programming, an expanded computer lab would be of great use for the 
children’s after school program as well as a multipurpose space that could be used for games, 
arts and crafts, music, dance and homework.  Another program that is lacking in amenities is the 
social services department.  This important division of the Friendly House focuses on immigrants 
and the social needs of community members.  In order to adequately serve these individuals, 
additional office space and rooms that could be used for private clients are needed.  To 
accommodate employees, more bathrooms and a conference room would contribute to a better 
working atmosphere.  
One of the largest programs that Friendly House offers is their food program which 
prepares and delivers approximately 2200 meals per day, requiring much space and coordination; 
both of which are missing in their current facility.  Hargrove made it clear that much more space 
is required for a large kitchen, so that the flow of food production can move logically and 
quickly, allowing the Friendly House to produce more meals for needy residents per day.  
Additionally the kitchen needs to integrate a loading dock into the design for ease of deliveries 
and large fridge/freezer space for storage.  The current Friendly House does not have a loading 
dock and the various fridges and freezers are spread out across the facility, making it difficult to 
run an efficient food service program 
With these general concerns and desires uncovered, the project team coordinated 
meetings with the directors of the three major programs; youth services, social services, and the 
food program.  These individual meetings allowed the group to ask specific questions regarding 
the needs and concerns of each program, revealing the space requirements for the new facility 
design.  When interviewing each staff member, it was emphasized that the interviewees should 
state the needs without regards to their economic feasibility.  Taking this approach would allow 
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the team to include as many of the Friendly House’s desires in the master plan as possible, and 
leave room for growth.  
After meeting with Danielle Delgado, the Director of the Youth Department, it became 
clear that the confined space is the most pressing issue for Friendly House right now.   Ms. 
Delgado suggested that each department would need to have its own working space in different 
parts of the building, so that the working atmosphere could be more pleasant and structured for 
both the employees and those who are seeking help.  Another prominent issue is the current lack 
of storage area in the current Friendly House; therefore, offices in the new facility should have 
some kind of shelving unit or closet to store documents and supplies, such as clothes, food and 
equipment.   
The Youth Department of Friendly House has four major divisions: 1. The After School 
Program; 2.  Teens Activities; 3.  Sports and Recreation; 4.  Summer Programs.  For each 
division, Ms. Delgado gave us suggestions to improve the program within the future design.   
Regarding the After School Program, which focuses on the children under the age of 16, 
there are between 50-70 children that attend each day.  A homework room, computer room, 
multi-purpose room, cooking room and several bathrooms were all needed to support this 
program.  The homework room needs to be a quiet area that allows children to concentrate on 
their work. Parents would have their own entrance and exit to pick up their children, but it was 
mentioned that this area should also be close to the gym.  The computer room, which would be 
shared among all age groups, requires at least 10 working stations to allow children adequate 
access.  The game room, which would be used for non-physical activities, would need to be 
spacious enough to host activities such as painting and board games.  Similarly, the multipurpose 
room will serve as a group exercise area, where children can participate in physical fitness and 
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dance classes.  Also, a cooking classroom will be useful to conduct nutrition and baking classes, 
and should contain all electrical appliances rather than gas, for safety purposes.  The last area 
mentioned is the bathrooms, which should be separated between the younger, after school group, 
and the teenagers.  Boys and girls rooms both need at least 3 stalls and need to be easily 
accessible.   
The area to be used for teens needs should be able to hold up to 100 people at any given 
time, although usually approximately 70 teens will be present.  Ms. Delgado hoped for two 
classrooms and a quiet room in this area.  The two classrooms should be separated so that one 
can be used as a gaming area, and the other one as a teen’s lounge including couches, a pool 
table, and other furniture.  The quiet room does not require an enormous amount of space, as it 
will be used for doing homework and watching movies.   
The sports and recreation area, which includes the gym, should encompass a college size 
basketball court, with horizontal courts that could be separated by a divider.  A running track 
around the top was mentioned as another possibility for this area.  Ms. Delgado stressed that the 
floor needs be very durable wood rather than rubber, because it will be used for many different 
activities, such as basketball, volleyball and indoor soccer, and should be able to host sports all 
year long.  It would also be convenient to add a storage room for various sporting equipment 
along with a glassed in office, which would allow volunteers to monitor the activities.  Benches 
are also needed on one side of the basketball court for the players and bleachers on the other side 
for guests. 
 The summer program normally has more children that participate; between 100-150 kids 
per day.  During the summer, both the after school and teen areas will be used for varying 
activities.  Ms. Delgado’s ideal vision includes a pool in the new building, but would be content 
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with an outdoor sprinkler system that could be used to keep children cool in the hot summer 
months.  As for outdoor sports, the master plan should integrate both a grass playing field and a 
paved court into the design. The playing field could be used for activities such as soccer and the 
paved court could be used for activities such as basketball or foursquare.  In addition to playing 
fields, there should be excess green space that could be specified as a “picnic area” for children 
and families to enjoy.   
Other than children’s’ activities, it was also mentioned that there should be a staff lounge, 
rest area, and conference room specifically for the summer program staff to make their jobs 
easier and more comfortable.  The other benefit of having a conference room is that it could be 
rented out to various organizations when the summer program isn’t using it, which could be used 
as a source of income. 
After interviewing current staff members, the total net area requested for each department 
was determined.  A list of rooms was organized in Microsoft Excel based upon their intended 
use.  When attempting to size each of the rooms, Architectural Engineering reference guides 
were used to estimate the different space requirements.  The first was Ver Metric Handbook of 
Architectural Standards edited by Patricia Tutt and David Adler from Britain in 1979, and the 
other one was Architects Data edited by Neufert from Germany in 1970.  These two books 
categorized space requirements by different types of commonly used spaces.  Since Friendly 
House is a social service facility, the requirements were found in several different categories, 
such as office buildings, schools, etc.. 
 Within these two books, the required area for each room is presented in terms of 
minimum area per person that will utilize the room.  During the interviews with the Friendly 
House’s staffs, the maximum number of participants expected in each room was a focal point for 
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this very reason.   By multiplying the unit area by the number of people expected in the room, a 
minimum area for each room was determined.  Due to the fact that these books were published in 
the 70’s and the space requirements might have changed, several rooms on the WPI campus that 
have similar functions were also used as models and more space was added to the calculated 
area.   
 As another resource, there was an IQP completed by Sergio Salvatore in 2001 for 
Friendly House, which focused on building a new facility that would host all the current 
activities in larger spaces.  In Appendix A, there are two lists; one which shows the areas for 
each room in Friendly House, and the other which details the areas of all the rooms in the new 
facility Salvatore had worked on.  Thus, the team took these two lists and compared Salvatore’s 
calculated areas with those formulated by the project group from the interview information.  
Table 1 shows the difference between his plan and the teams. 
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Table 1: Required Areas for Friendly House Services 
Department Present Area 
Salvatore's 
Estimated 
Area 
2011 FHP 
Estimated 
Area 
Difference 
Between 
Salvatore's 
and 2011 
Final 
Decided 
Area 
Social Service Department 
1. Staff Area 
Total Staff Area 726 1415 2016 601 2089 
2. Social Service Area 
Total Social Service area 0 1339 2510 1171 2618 
Food Program 
Total Kitchen Storage 95 375 706 331 
3400 
Total Kitchen Area 405 540 2665 2125 
Youth Services Department 
Total Staff Area 255 858 1289 431 1383 
1. After school program 
Total Youth Area 2139 3126 7302 4176 7302 
2. Teen Activities 
Total Teen Area 0 264 2825 2561 2825 
3. Sports and Recreation 
Total Indoor Recreation Area 2139 3390 10925 7535 10925 
4. Summer Program 
Total Area for Afterschool Program (indoor) 2394 4248 11416 7168 22435 
Other 
Administration Area   2769     2769 
Bathroom Area   1595     1595 
Circulation Area   1120     3109 
Recreation/Educate   10874     10874 
Storage   2561     2561 
Total Indoor         51450 
 
 Most of the areas determined by the project team are larger in comparison to Salvatore’s 
estimates, most likely due to the fact that Friendly House’s needs have expanded in the past ten 
years and will continue to do so in the near future.  The Friendly House community has been 
growing at a steady rate over recent years, and it is evident that if it continues to grow it will be 
nearly impossible to hold events of large capacity that Hargrove envisions.  Friendly House has 
been searching for ways to prevent this from happening and to address this concern, the team 
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designed all the rooms’ to serve double the amount of participants that it currently does.  
However, there were some exceptions to this methodology.  Some of the rooms in Salvatore’s 
estimate were larger than those estimated by the team.  Due to the fact that his study was a more 
in-depth analysis of the needs of not only the three major departments, but also the needs of the 
Friendly House as a whole.  Therefore, in these cases, Salvatore’s estimates were chosen to be 
included in the final design.  The numbers in the last column of the table represent the area that 
was chosen.  
 In the final calculation, the square footage needed for the indoor portion of the facility 
was determined to be 51,450 ft2, and outdoor portion will depend on how much land is leased 
from the City of Worcester to Friendly House.  Appendix A shows the details of each room in 
the design, and the differences of each room between Salvatore’s estimate and that of the project 
group.   
Involvement by the City of Worcester 
 Throughout the project, the team knew it would be necessary to communicate 
effectively with the city of Worcester, and specifically Mayor Joseph O’Brien in order 
incorporate the city’s vision with that of the Friendly House’s into the master plan.  Therefore, 
Professor Baller arranged a meeting with Mayor O’Brien and on October 24th, 2011, the team 
went to Worcester City Hall to give a presentation on the project to the Mayor and Councilor 
Philip Palmieri.  Other than gathering information regarding the city’s goals for the project, the 
presentation was intended to introduce the scope of the project, report on its progress, and 
discuss leasing possibilities for property owned by the City of Worcester that the Friendly House 
would like to acquire.  Gordon Hargrove attended the presentation to help answer questions set 
forth by the Mayor regarding the leasing of property and the costs associated with the project.  
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William Baller, who is also a member of the Friendly House Board of Directors and Architect 
Dan Benoit were also in attendance to gain insight on the progression of the project and future 
work.  
The beginning portion of the presentation was intended to give all parties an overview 
about the area requirements for the future Friendly House building.  The team presented the table 
discussed in the previous section that showed details of space distribution and total area for the 
new facility.  It was important to provide an explanation to all parties regarding how the final 
square footage was calculated based off of previous IQP reports and interviews with Friendly 
House staff members.  Following this introduction, an aerial photo of the current Friendly House 
property was shown, along with the property boundary AutoCAD drawing so that the audience 
could get a sense of the several properties that are incorporated into the master plan.  It was 
important to give a visual representation of the current Friendly House property, as well as the 
different lots to show both Hargrove and Mayor O’Brien which properties would need to be 
acquired or leased.  The main topic of discussion concerned the property adjacent to the Friendly 
House lot, which Hargrove had hoped to get back from the city, who owns the property.  The 
aerial photo showed that this property is heavily wooded and has dense vegetation, but with site 
improvements, it would be critical to the expansion of Friendly House and the park area. 
Hargrove mentioned that Friendly House had previously tried to develop this wooded area in the 
60s, but due to lack of maintenance the vegetation soon grew back. 
Next, the existing conditions plan was presented to provide an understanding of the 
drastic changes in elevation along the site.  The alignments with their profiles were discussed in-
depth, particularly the two alignments that run through the portion of the site which would 
eventually become a part of the recreational park.  Since the alignments showed large changes of 
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the elevation in this area, it was stressed that a great deal of excavation work and the installation 
of retaining walls would be required before proceeding with additional construction phases.  
O’Brien and Palmieri suggested that instead of spending ample time and money on performing 
site improvements, Friendly House could consider moving to another property, where its 
purchasing costs could be lower rather than improving the current site.  Hargrove rebutted this 
idea however, stating that this new proposed property is significantly smaller than the current 
Friendly House property, and thus would not be big enough to satisfy all the activities that need 
to be incorporated into future design.   
Next, the layout of future improvements for the Friendly House was shown.  This site 
plan showed the location of new buildings, parking lots, and retention walls.  During this portion 
of the presentation, O’Brien suggested that retention walls may not be necessary in some 
locations, since it is extremely expensive to construct retention walls and the park area could 
allow for slight elevation changes without mass excavation.  It was also added that the park 
could be used as a preserved area for families to simply enjoy nature.  It didn’t necessarily need 
to include recreational fields or courts, but instead, many of the trees could remain to become 
part of the park design.  O’Brien stated that he could get in contact with companies to begin 
clearing the site, but if some trees were kept and the excavation was kept to a minimum, it would 
greatly help reduce costs.  
The most important goal of this presentation was for Hargrove to acquire rights to the 
property next to the current Friendly House.  Since the city is not allowed to give away this land 
for free, the Mayor suggested that Friendly House buy the land from the city through an auction 
process.  If the land in question is less than 2,000 square feet, the city would be permitted to set 
the bid price low for Friendly House.  It is believed that there is not much interest in the 
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property, therefore if it was placed up for auction, Friendly House should not have many 
competitors and can purchase the land at an inexpensive price.  Following the conclusion of the 
meeting, it was decided that if this auction process is possible, Mayor O’Brien could proceed 
with selling the land to Friendly House.  
Master Plan 
The first portion of the project entailed laying out a master plan that could be broken up 
into several logical phases.  With the knowledge of current site conditions and the needs of 
Friendly House and the City of Worcester, the team began developing a master plan that took all 
of these restrictions into consideration.  Knowing these stipulations, the team discussed potential 
layouts that could incorporate all of the current and future needs.  Additionally, with the help of 
architect Dan Benoit, the group was also able to integrate the low-income transitional housing 
complex that Hargrove had mentioned into the design of the site.  
 The first stage of this site design was recognizing the limitations of building on a site 
with drastic fluctuations of elevation.  With this restriction in mind the team developed a layout 
that limited the quantity of excavation as much as possible in order to save money.  This led to a 
design that would work with the changes of elevation by utilizing a tiered system. Working from 
the street level inwards, the site would consist of a series of tiered elevations that will be leveled 
off and connected to one another through the use of retaining walls and integrated stairs and 
ramps.  This design allows for maximum land usage while reducing the cost of considerable 
excavation.  Another benefit to this layout is the clear segregation of plots of land dedicated to 
distinct age groups for recreational activities.  This tiered layout with necessary retaining walls is 
shown in Figure 15. 
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Figure 15: Master Plan: Site Improvements 
 The first tier of this layout is comprised of the main Friendly House building, the new 
gym facility and the housing complex along with a large parking lot and a small recreational area 
for young children and local residents.  The second tier encompasses areas for older children and 
adults to utilize features such as a basketball court, playing field, playground equipment, and 
green space to relax and enjoy the natural environment.  This layout allows children and adults 
of different ages to have their own areas, yet remain interconnected to one another and the main 
buildings of Friendly House. 
 With a preliminary layout in mind, the team began considering the square footage needed 
for these various activities by referring to what was learned through the meetings with Friendly 
House staff and Mayor O’Brien.  After analyzing the square footage requirements for different 
departments the group established that a multipurpose gymnasium of 10,925 sq. feet was needed 
along with a 37,125 sq. foot main facility to encompass all of Friendly House’s programs.  With 
these numbers in mind, it was determined that the main facility should be built three stories tall 
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to eliminate the footprint and save surface area for addition outdoor activities and parking.  This 
building layout and representative sizing can be seen below in Figure 16. 
 
Figure 16: Master Plan Building Layouts 
The project team decided to incorporate a permanent kitchen facility on the first floor of 
the previously mentioned housing complex.  This decision was driven by the notion that the 
construction process will need to be broken down into several stages.  To avoid the shut-down of 
food services and avoid additional costs, constructing a permanent commercial kitchen on the 
first floor of the apartment complex allows the food program to continue running efficiently 
while tearing down the current Friendly House facility.  
While simultaneously designing a full site layout and a phasing plan, it was decided to 
construct the future apartment complex first.  However, this new building will be constructed 
first as a temporary home to all essential Friendly House activities while construction of the new 
main facility is completed.  This temporary shift of activities will allow the Friendly House to 
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continuously operate their current programs, and once the main building is complete, all of the 
primary activities will shift back to the newly constructed building.  After all activities are 
moved back to the main facility, the upper floors of the apartment complex will be converted to 
their original purpose of low-income housing for residents of Worcester.  
To make this process more understandable, the following steps are outlined below: 
Phase 1: Conduct all excavation, complete demolition of obtained properties on Montreal Street, 
construct necessary retaining walls, convert the lot across the street from the existing 
Friendly House into a permanent parking lot, and rehabilitate Shale Street as a fully 
functional access point for maintenance of the park. 
Phase 2: Construct the housing complex adjacent to Montreal street with a complete, permanent 
kitchen on the first floor and open floor space to host temporary activities, construct the 
gymnasium which will be attached to the apartment complex, and construct an outdoor 
area behind the gymnasium for various activities. 
Phase 3: Construct the main facility, convert the top three floors of the low-income housing 
complex into apartments, pave a permanent parking lot where the current lot exists, and 
complete the remaining outdoor areas with various playground equipment, a basketball 
court, and playing field.  This sequential process should provide the Friendly House with 
a smooth transition process from the current facility to their future state of the art 
complex. 
  Following the completion of this design, the project team presented the idea to Hargrove 
and Architect Dan Benoit to see if it fully met their needs. The team presented the plans to them 
and accepted feedback on what may need to be changed.  Among several issues discussed, was 
whether or not a new gym facility was needed or whether the gym could remain and be 
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integrated into the newly-constructed facility.  There were two reasons for this suggestion; one it 
would save money by preventing the need for additional construction of a gym, and two, the gym 
is fairly new and not necessarily in need of replacement. Another suggestion was to limit the size 
of the retention walls in hopes of again cutting the cost of this project.   
  With this said, it was decided that the region of land on the top tier of the design for 
recreational use would retain its current terrain would be used as a natural park.  With this 
change along with the decision to keep the current athletic facility, much more room was created 
for the low-income, transitional housing complex.  The additional space could now allow for a 
larger cafeteria to be incorporated into the housing complex design to host large functions such 
as holiday dinners.  These deliberations moved the team in a new direction and therefor a revised 
master plan was created to accurately represent a more practical vision for the new Friendly 
House site.  
A More Practical Master Plan 
  After receiving feedback from all the parties previously mentioned, the team proceeded 
to re-evaluate the master plan and create a new design that would be optimal for the Friendly 
House to meet all of their needs. This master plan revolves around the concept of keeping the old 
gym and connecting a newly constructed Friendly House facility. In addition it includes a low-
income, transitional housing complex that is larger than in the previous master plan, housing a 
new industrial kitchen and cafeteria area. Including the layout of these buildings, the master plan 
itself can be broken up into several components that were carefully designed to satisfy the 
requirements of Friendly House, as well as any codes or regulations that may be involved. Thus, 
this section looks at the different components and provides explanations for the created designs.  
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Site Design 
  Since the elevations of the site grade change so drastically from one end to another, there 
was not much room for alterations of the retaining walls compared to the original plan.  As seen 
in Figure 17, the retaining walls are still situated in a similar fashion to provide a tiered system of 
finish grade.  The retention walls are situated throughout the site to not only provide a tiered 
setup that the Friendly House requested, but to also insure that there is no soil slippage or erosion 
that would cause destruction of the newly renovated site. 
 
Figure 17: Modified Site-Work Master Plan 
  When looking at the elevations across the site in Figure 17, it can be observed that the 
current grade starts at an elevation of approximately 550’ near the retention wall located parallel 
to Wall Street and ends with an elevation close to 570’.  Therefore, it was decided by the project 
team that a proposed elevation of 560’ would be the most practical elevation to use for the final 
design. This would alleviate the amount of material that will need to be transported to and from 
the site by choosing a proposed elevation that will balance cut and fill quantities. Starting from 
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the beginning of the site near Thorne Street, it is seen in Figure 18 that an elevation of 560’ will 
produce a relatively balanced amount of cut/fill quantities across the site.  
 
Figure 18: Profile of Existing vs. Proposed Surface, Front of Friendly House 
  The figure is able to show the difference between the existing surface, as described in 
previous sections, and the new surface at a new balanced elevation of 560’.  In this section of the 
site, the excavation will need to extend along the entire width of the site because it is necessary 
to have a level surface throughout for the buildings and parking area.  In addition, the profile 
shows the retaining wall along Wall Street and the edge of the existing gym that will remain, 
while the drawing above the profile shows precisely where it is located. It was important to show 
the edge of the gym in this instance because existing grade will stay as-is because there will be 
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no construction done to the gym.  As for the retention wall, it will be approximately 16’ tall to 
accommodate the fill that is needed to reach the desired 560’ elevation.  
  Moving North along the site, the second profile generated from the alignment located just 
North of the existing Friendly House facility, pictured in Figure 19, demonstrates a similar 
grading approach by leveling off the elevation at 560’.  
 
Figure 19: Existing vs. Proposed Surface, Mid Friendly House 
  This again balances the cut/fill quantities as much as possible, although it is evident that 
there will still be a considerable amount of cut generated at this cross section of the site.  Also, 
since the site elevations increases so drastically, yet must be leveled, this section expresses what 
the two tier setup will look like on Friendly House property.  Starting at the East end, the 
retaining wall will be similar to the wall on the previous cross section at 13’ high and material 
will be filled in until it is level Westward. From there, grade will be leveled at 560’ for roughly 
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150’ across the site, until it reaches the newly installed retaining wall. The retaining wall 
essentially provides a separation of the two tiers.  Since at this cross section the property to the 
West is not considered land that will be transformed into a park, this surface will also need to be 
leveled off at an elevation of 580’. This minimizes the need for cutting material towards the 
West of this wall creating a level surface on both sides for recreational activities.  However, the 
difference in leveled grade forces the retention wall to be over 20 feet tall, which will be 
extremely costly to build when site renovations are occurring. 
  Next, Figure 20 shows how the existing grade is affected by the proposed surface in the 
main area that the low-income transitional housing complex will be situated as well as the area 
that the City of Worcester hopes to utilize as park land.  
 
Figure 20: Existing vs. Proposed Surface, Montreal Street 
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Based off of suggestions mentioned earlier by the City of Worcester, the park land will 
remain at existing grade and serve as a place where community members can enjoy nature.  As 
evident in the profile, the proposed elevation of 560’ will only be graded between the two 
retention walls.  In this case, the two retention walls enclose the Montreal Street properties, 
where the housing complex will be built, and will separate this area from the park land.  
However, since the park land will not be excavated, it once again creates an extraordinarily tall 
retention wall on the West side that will need to be approximately 25’ tall, including the portion 
of it located below grade.  This again will be an extremely expensive task, but is necessary if 
there is to be a tiered separation between Friendly House property and the park land.  However, 
it is critical that the surface be leveled between the two retention walls so that the new housing 
building can be constructed.  
 Lastly, Figure 21 shows that the land along this alignment will not be graded to any 
particular elevation.  The property boundaries to the East side show potential properties that the 
Friendly House could acquire in the future, but will not be utilized in this project because of 
economic constraints. Meanwhile, as mentioned, the park area will be a place to enjoy nature and 
thus its natural elevations will remain in-tact.  The slope should remain untouched and thus, no 
retention walls are required to stabilize the soil and prevent corrosion.  However, with the steep 
slope remaining, there should be additional considerations for collecting groundwater at the base 
of the slope near street level. 
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Figure 21: Existing vs. Proposed Surface, Shale Street 
Building Layout 
The orientation and size of the buildings for the modified master plan were designed with 
the appropriate amount of square footage to accommodate the Friendly House needs as well as 
provide a logical layout that would allow for the integration of such facilities into the existing 
site and structures.  Figure 22 shows the new master plan with the layout of buildings, parking, 
walkways, stairs, and handicap-accessible ramps.  
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Figure 22: Revised Master Plan 
Since it was determined that for the new master plan, the current Friendly House gym 
would remain in-tact, the layout of the new facilities needed to be orientated in such a way that 
integrated this existing component.  The team decided that the new Friendly House facility 
would be situated much like the old one, except larger in size.  Designing off the west end of the 
old gym, the new facility will extend to 20 feet from the roadway.  This is approximately where 
there current Friendly House is and it will ensure that the new design does not encroach on the 
roadway more than the current building does. This also allows for walkways and a little bit of 
green space to exist on this end of the building, where the main entrance will be located.  Once 
the dimensioning of the end of the building was determined to be approximately 75 feet, the 
length of the building was based upon the calculated totals of the required square footage of the 
area. In the original mater plan, the building was 3 stories and a total of 37,125 sq. feet to 
accommodate all of the Friendly House needs.  However, the team concluded that the building in 
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the new master plan would need to be slightly larger.  The old master plan allotted space in the 
new gym facility that would now need to be located as a part of the main Friendly House facility 
since the exiting gym is remaining.  It was calculated by the project team that the new facility 
should be approximately 39,375 square feet and remain a 3-story building.  Therefore, in order to 
satisfy this square footage requirement, the length of the new facility is 175 feet, which gives it 
an overall dimension of 75 x 175 (times 3 stories for square footage).  
 Once the main facility was dimensioned and located correctly on the updated master plan, 
the team was able to position the low-income, transitional housing complex accordingly.  This 
second building would consist of two stories of apartment housing, 1 floor with a permanent, 
fully-functional kitchen and cafeteria, and a lower level consisting of a small loading dock.  
After taking into account all of these purposes and additional Friendly House needs, as well as 
looking at architectural and structural requirements, a footprint of 75 x 145 resulting in a total of 
33,875 square feet was deemed appropriate.  Later sections of this report further detail the design 
and layout of the low-income, transitional housing.  Other than square foot requirements from 
the Friendly House staff, the footprint of the complex was also constrained by Montreal Street on 
the North end.  The team wanted there to be an adequate amount of space for parking and 
unloading, so the end of the building was set in order to do so. Another smaller constraint for the 
size of the complex was on the East end, where the team wanted enough green space for a multi-
purpose court and grassy recreational area.  A building width of 75 feet would allow for plenty of 
space for such activities to occur with extra space incorporated allowing for ease of mobility.  As 
for the orientation of the building, the project team wanted the West side to remain in-line with 
the front of the new Friendly house complex and thus it was orientated approximately the same 
distance away from the roadway. This makes it a more eye-pleasing transition from the main 
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Friendly House facility to this complex.  Also, since the new kitchen will be located on the 
ground-level floor, there will be a lot of personnel movement from this building to the main 
facility, so it was important to integrate these two building as smoothly as possible.  On the 
South end, the building was orientated so that it was offset from the main facility by 29 feet.  
This created a separation of the different activities that would take place in this building 
compared to the main one.  However, the distance between the two was kept relatively small, so 
that personnel from the kitchen could move back and forth from the main building.  Keeping this 
gap short would also allow for an overhead roof system to be put in place so that human traffic 
will be covered during inclement weather conditions. Therefore, with the concern in mind, along 
with the many others discussed above, the complex was dimensioned and located in the most 
practical way possible for the Friendly House. 
Parking 
Throughout the interview process with Mr. Hargrove and the Friendly House staff, there 
was a consistent need to re-visit the parking requirements of the site.  With the new main facility 
being much larger in size than the old, and the addition of the housing complex, it is undoubtedly 
required to add additional parking spaces to accommodate the large increase in traffic.  In one 
interview session, Mr. Hargrove suggested that there be 50 total parking spaces for the staff and 
housing complex residents.  Therefore, in an effort to add more parking, the team first expanded 
the current parking lot as much as possible to allow for the maximum amount of spaces.  Seen 
below in Figure 23, the current lot was expanded to 52 x 146 feet, which gives adequate space 
for approximately 22 spaces.  The lot’s main restrictions for its size were the existing gym to the 
West and heavy shale to the East that would make additional excavation too costly.  
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Figure 23: Parking Next to Existing Gym 
This main parking lot incorporates a design of parking spacing placed at 0 and 90 degree 
angles.  According to parking standard published in Colorado, the spaces at a 90 degree angle are 
approximately 9 feet wide by 19 feet long for a standard space (Parking Standards, 2011).  This 
gave space for 13 regular spaces along the West side of the lot, with the addition of three 
handicapped spaces that are required by the standards.  In accordance with these standards, these 
handicapped parking spots need to be specified as handicapped with clear signage that shows the 
symbol of accessibility.  In addition, it is required that 1 in 8 handicapped spots are van 
accessible and should be a minimum width of 13 feet. The parking lot on the master plan shows 
two of these van-accessible spots.  On the East side of the lot, there are 7 more spots situated at a 
0 degree angle, parallel with West walkway.  Again looking at the standards, these spaces are 
required to be 23 feet long and 9 feet wide.  
Next, as seen in both the original and revised master plans, the property situated across 
Wall Street is converted to an additional parking lot.  Utilizing this property to its full extents, as 
seen in Figure 24, the team was able to add 20 parking spaces in the 6,696 square feet of land. 
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Figure 24: New Parking Lot Across Wall Street 
As previously mentioned the conversion of this land is dependent on Friendly House 
gaining approval that there is not any environmentally-toxic groundwater in the soil on site.  It 
can also be seen that all of the parking spaces in this lot should be orientated at a 90 degree angle 
to maximize the number of spaces.  These parking spaces will be able to provide convenient 
access for clientele to the main Friendly House facility located directly across the street.  
Finally, in addition to these two lots, the team took into consideration the amount of 
street-side parking that is available for people to use.  Although it is not indicated on the master 
plan, there is a considerable amount of parking along Wall Street and Thorne Street.  Thus, 
Friendly House should work with the city to ensure that this road-side parking is available to 
clientele when need-be.  The team does not anticipate that road-side parking will need to be 
utilized on a daily basis, but it will be especially useful when Friendly House holds larger sized 
events, like holiday dinners.  
Walkways and Stairs 
Throughout the site, walkways and stairs have been designed by the team to promote the 
greatest amount of convenient mobility for clientele, while trying to limit the amount of 
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construction material that will be needed.  Walkways were designed to be 5 feet wide and are 
situated in such a way that allows foot traffic to flow smoothly from the parking lots to the 
facilities, and to allow personnel to walk from building to building.  In addition there is a 10 foot 
wide walkway that provides easy access from the main facility to the new, fully functional 
kitchen.  The team designed this walkway to be wider in anticipation of increased traffic flow 
and took into consideration that equipment such as food carts may need to be mobilized from the 
kitchen to the main building.  Overall, including walkways of both widths, there is a total area of 
8,732 square feet throughout the site. 
To provide mobility to buildings and access to them, there are 3 main sets of stairs.  
There are stairs located at the main entrance of the Friendly House facility which are 10 feet 
wide.  These stairs provide mobility in both directions because there will likely be a high amount 
of foot traffic.  Meanwhile, the stairs at the North End of the apartment complex that allows 
direct access to the first level of the apartment housing are only 5 feet because there will likely 
be less traffic in this area.  Finally, there is another wide set of stairs located at the retaining wall 
that separates the first tier from the second tier.  This will allow users to have easy access to the 
second level recreational area.  
Handicap Accessibility 
 Aside from the handicap parking spaces, the site is also designed to accommodate 
handicap clientele mobility to the second tier of recreational space.  Thus there is a handicap 
ramp that begins on the first tier near the North end of the main parking lot and proceeds up to 
the second-tier, recreational area.  The ramp itself was designed to meet Handicap Ramp Design 
and Construction Guidelines (2006) and therefore the design of the ramp was restricted in certain 
ways.  For handicap ramps, the guidelines specify that there can only be a 1:12 slope (8.3 %) and 
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there must be a landing of at least 8 feet by 5 feet for every 30 feet of ramp.  Therefore, in order 
for the ramp to reach the height of the second tier, the total length is approximately 120 feet long. 
Additionally, to agree with standards, the ramp should be constructed 42 inches wide to allow 
easy mobility.  Following these standards in the design will keep the ramp in compliance with all 
codes as well as provide convenient access for the handicapped to the second tier.  
Recreational Space 
 The final component of the revised master plan involves the recreational space that will 
be utilized by different age groups.  Aside from the park that will be managed by the City of 
Worcester, there are two major recreational areas incorporated into the master plan.  The first 
space is located between the retaining walls that separate the tiers and the main Friendly House 
building and housing complex.  As seen on the drawing, there is a small section located to the 
North of the existing gym that is roughly 3,439 square feet.  This area is intended to provide a 
smaller, isolated area that could be used primarily as a picnic area for families.  On the other side 
of the North walkway there is additional recreational space, consisting of 9,250 square feet of 
green space and a 35 x 65 foot multi-purpose sports court.  This area of the site can be used for 
kids to participate in activities such as basketball on the multi-purpose court and as a green space 
to participate in other active games.  Finally, located on the second tier, is more green space and 
a 50 x 150 foot playing field. In order to provide adequate conditions the playing field will need 
to be leveled off at a consistent grade.  The team recognizes that doing so will increase costs by a 
significant amount, but if Friendly House needs a playing field this is the most practical location. 
Outside of the playing field, there will then be a smooth transition to the City’s park, which will 
eventually turn into existing grade conditions.  
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Design of a Transitional Housing Complex 
The most critical component of the Friendly House master plan is the new low-income 
transitional housing complex that will be built before the main facility.  This building will allow 
Friendly House’s food service program to significantly expand in order to accommodate its 
growth and future plans for providing meals to needy residents of Worcester.  This will be 
completed by designing a new state-of-the-art kitchen and café area on the first level.  In 
addition, the complex will allow Friendly House’s programs to remain operational during the 
construction process by designing the top-two stories in such a way that will allow these 
programs to function until they can be relocated back in the main facility.  Upon completion of 
the main facility, these top two floors will be transformed into low income housing apartments 
that can serve as a source of income to the Friendly House as it completes the project and 
beyond.  This section of the report thoroughly explains the research and design considerations 
that were put into both the architectural and structural layout so that the facility could meet its 
desired purpose upon completion.  The section also provides calculations and explanations 
pertaining to the sizing of the building’s columns, beams and girders in order to confirm the 
structural integrity as well as provide suggestions for the most economical design. Finally, it 
looks at possibilities for making the housing complex an energy conscious design by integrating 
a green roof into the final design of the building.  
Space Requirements 
Knowing the Friendly House needs a building that will not only be home to a new 
commercial kitchen, but also serve as a temporary facility and eventually become low-income 
transitional housing; the team focused on designing a building that would fluidly accommodate 
all these requirements.  The first step in doing so was to determine how much space would be 
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required for a building of this type.  Our team reverted back to the space requirements originally 
deemed necessary for the Friendly House’s new kitchen and found that approximately 
6,600square feet would be necessary.  In addition to a commercial kitchen, Mr. Hargrove 
suggested the idea of adding a cafeteria to serve as an eating space for not only the children, but 
also for large functions such as Thanksgiving Dinner.  To serve such a function, the team looked 
to the Architect’s Studio Companion book for guidance.  With this reference in mind, the team 
adjusted to what was thought to be accurate for the Friendly House’s activities and determined 
that approximately 7,000 square feet would be appropriate.  With these ideas in mind it was 
determined that a footprint of 12,000square feet would be necessary.  In addition, a loading area 
must be incorporated to accommodate large deliveries while working with the steep slopes 
previously discussed.  The team met with architect Dan Benoit to discuss possible options and 
gain an experienced professional’s point of view.  Deliberations led to the idea of having a small 
reception area and loading dock on the street level, with the cafeteria and kitchen on a much 
larger second level.  This would allow delivery vehicles to have easy access to goods coming in 
and out of the kitchen facility, while minimizing the necessary excavation.  This design however 
means that an elevator will be necessary to transport the goods from street level up to the 
kitchen.  Table 2 summarizes all assigned areas in comparison to the overall building dimension 
as determined by preliminary analysis and The Architect’s Studio Companion manual.  
Table 2: Transitional Building Square Footage Requirements 
  
Suggested 
Square Feet 
Designed 
Square Feet 
% of Building 
Area 
Kitchen 2,665 3,825 11.13% 
Cafeteria N/A 7,200 20.96% 
Loading Dock 700 1,250 3.64% 
Two-Bedroom Apartment 1,000 1,188 x 12 41.50% 
Three-Bedroom Apartment 1,200 1,287 x 4 14.99% 
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With preliminary sizing complete for the first and second floors, the team needed to 
ensure that this layout would accommodate the eventual transitional housing that would reside 
on the above floors.  Mr. Benoit was again called upon for professional advice on best practices 
in designing apartments.  He provided the team with a couple different floor plans that he has 
used on previous projects to be used as templates.  The team evaluated several floor plans and 
determined that based upon the building’s footprint, two floors of apartments would adequately 
serve the needs of the Friendly House and provide an adequate amount of revenue.  
With building size and shape determined, detailed floor plans became a priority.  The 
team started designing the two floors of apartments because their wall layout will dictate the 
structural layout of the first two floors.  By combining the layouts provided by Mr. Benoit, and 
the restrictions of the building size, our team began to layout the apartments.  Knowing that this 
building needed to be long and narrow in order to minimize excavation, it was obvious that this 
building must have a double loaded corridor in which the apartment layout will be mirrored on 
both sides of a central hallway.  This central hallway will incorporate matching stairwells on 
each end providing two ways of egress in case of emergency.  Using Revit Architecture, an 
Autodesk software geared toward architectural layouts and rendering, the floor plans were 
completed.  In hopes of maximizing the usage of space, and keeping in mind the average square 
footage of a typical apartment, it was determined that each floor should include six, two-
bedroom apartments and two, three-bedroom apartments, resulting in a total of 16 apartments for 
rent.  The other upside to a double loaded corridor with four apartments on each side is that the 
four apartments on each side of the corridor can also be mirrored allowing for easier construction 
and utility hookup.  The bedrooms will line up making framing easier, while the kitchenettes and 
bathrooms will lie adjacent to one another allowing for easier installation of necessary plumbing 
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and gas fixtures.  An example of this type of layout can be seen in Figure 25 and additional detail 
drawings can be seen in Appendix C. 
 
Figure 25: General Apartment Layout 
It is also desirable that the apartments are as spacious as possible given the limited square 
footage allotted.  While assuring privacy in the bedrooms and bathrooms, it is also important to 
maximize the number of windows allowing natural sunlight to enter the rooms. With all of these 
considerations, this layout proved to be the most efficient.  
Compliance with Local Zoning Requirements 
However, before in depth designing was completed, it was important to make sure that 
this building would comply with local zoning codes.  Mr. Benoit was contacted for guidance on 
local zoning codes that were of importance at this point in the project.  He pointed the team to 
the district zoning requirements of the City of Worcester and specifically district RG-5, in which 
Friendly House resides.  The first thing to check was the permitted uses by district to see if such 
a building was even allowed.  It was found that in district RG-5 a recreational/service facility 
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(non-profit) is allowed with a special permit and a low-rise, multi-family dwelling is also 
allowed (Zoning Ordinance, 2011).  From there it was important to assure that the proposed 
building size is considered low-rise and did not exceed applicable FAR regulations.  The district 
permitted dimensions for a multi-family, low-rise residential building allows for 3+ stories with 
a maximum height of 45feet.  It was also determined that for such a building there must be a 
minimum lot area of 5,000 square feet for the first unit and an additional 1,000 square feet for 
each additional unit.  This means that a total lot area of 20,000 square feet is necessary for this 
building.  The lot dimensions provided on the ownership plan previously shown prove that the 
lot does indeed meet these requirements.   
In addition to total lot size, there are also requirements that stipulate frontage and size of 
the yard surrounding the building. In district RG-5, a multi-family, low-rise dwelling requires 
50feet of frontage for the first unit and an additional 5feet for each additional unit.  This would 
mean that the proposed building requires a frontage of 125feet or greater.  The proposed building 
has a frontage of 175feet which meets the requirements.  The next factor was to determine if the 
proposed building was placed on the lot appropriately, meeting applicable yard requirements.  
Local regulations call for 10 feet of yard on both sides of the building and 15 feet in the front and 
back.  The current location of the proposed building meets all of these requirements except for 
the front yard. However, our team feels that the Friendly House get can around this restriction by 
applying for variance.  The Friendly House can make a case that not only are they a non-profit 
facility, but also that there is a clause that allows variance when matching the surroundings.  All 
of the nearby buildings along the east side of Wall Street are less than 15 feet from the street.  
Therefore, Friendly House will likely be granted variance, especially since it needs to be so close 
to the road to allow for easy loading and unloading on the street level floor.  
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The only other important factor to consider is the required parking space for this facility.  
By law, there must be two parking sports for each dwelling unit meaning that 32 parking spots 
are needed.  In addition, there must be 1 parking spot per four people accommodated in the 
cafeteria.  With this requirement, and the current site layout, there are not enough parking spots.  
However, Friendly House may be able to apply for variance on this as well. The two points of 
argument would be that one, the dwelling units are to be rented to low-income families that may 
not have two cars each, and two, only approximately 4 times a year will the cafeteria be full.  
These two factors, in addition to the parking along the street may be enough for the city to grant 
variance of some sort.  Figure 26 shows the proposed building footprint and its corresponding 
parcel of land, illustrating compliance with the applicable zoning requirements. 
 
Figure 26: Parcel Boundaries and Building Setbacks 
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Criteria for the Structural Design  
With nearly all of the district regulations met by the preliminary design, efforts turned 
back to more detailed design of the building.  Before floor plans could be finalized, the team 
needed to evaluate the structural components of the proposed building.  The first step was to 
choose the structural material to be used that would not only support all of the applied live and 
dead loads, but also prove to be the most economical.  Stone masonry, although easy to procure, 
is very difficult to handle and is labor intensive, therefore eliminating it as an option for this 
building.  The option of using wood for this structure was brought up because of its economic 
value and ease of construction.  However, due to the large loads of this building, and the need for 
fireproofing with an industrial kitchen, wood was deemed inappropriate for use in this building.  
Precast concrete would be an ideal material to use in this project due to its high compressive 
stress and fireproofing.  It would also allow for a two-way concrete slab, meaning the floors 
could be thinner and reduce the overall height of the building.  However, the cost of 
manufacturing and shipping precast concrete is very high so the team looked into where the 
nearest manufacturer is located. Unfortunately there are no manufacturers close by, eliminating 
precast concrete as an option.  Steel, the most common building material, seemed to be the best 
option when trying to limit cost and labor while maintaining structural integrity.  Steel is 
relatively easy to construct, very durable, and cost effective.  For these reasons, the group 
decided to design the building with steel as the main component with concrete on deck for the 
floors and concrete masonry units for the sheer walls.  
With the structural components decided upon, the next step was to design the structural 
layout of the building, determine placement of columns, and decide on structural bay shape.  The 
difficult part is that column placement is restrained by the floor layout, particularly that of the 
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apartments.  The positioning of columns is important for functional ability and aesthetics, as one 
would not want a column in the middle of a room or hallway.  Careful placement will give the 
residents a more convenient and comfortable living environment.  Besides comfort and 
practicability, column placement also determines the shape of the structural bays.  A structural 
bay is normally rectangular in shape because it is the most economical way according to 
structural engineers’ experiences over the years.  The most economical ratio between the length 
and width of the bay is between 1.3 and 1.5, per professional advice.  Besides economic benefit, 
column spacing is also important because columns that support the same bay should not be 
placed too far apart from each other, otherwise the heights and weights of girders and beams in 
between will increase significantly, which directly affects the thickness of each floor. 
The group began exploring possible column layouts that would work with the 
architectural floor layout previously designed.  The result was three different layouts which were 
compared and the more applicable and economical design was found.  In the first scenario, 
columns were placed in the partition walls of the apartments.  This resulted in structural bays that 
were square in shape, which were applicable, but not economical.  More steel would be used and 
more labor force would be required to connect all the beams and girders, therefore this scenario 
was abandoned with Professor Pietroforte’s approval.  This layout can be seen in Figure 27. 
  79 
 
Figure 27: Preliminary Structural Layout #1 
 After discussing options with Professor Pietroforte, it was suggested that the columns be 
placed within the exterior walls and the walls between apartments and the corridor.  This way, all 
the structural bays would be rectangular shaped, and all girders would be hidden in the walls.  
However, the structural bays below the corridor were very small, and this type of layout might 
require more materials and formwork cost.  Another downside of this design is that the columns 
extend all the way down into the cafeteria and kitchen on the first floor, which is supposed to be 
open floor space.  There would be two rows of columns 8 feet apart making it very inconvenient 
to those cooking and eating in this space.  Therefore this design was also ruled out.  This layout 
can be seen in Figure 28. 
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Figure 28: Preliminary Structural Layout #2 
 The third scenario for the structure is a compromise of the previous designs with all of 
the structural bays being rectangular in shape with an economical design ration between 1.3 and 
1.5.  This design resulted in readjustments to the apartment floor layout, but the adjustments 
were not significant.  There were a few rooms that got shifted or resized but the general layout 
remained the same. This structural bay layout can be seen in Figure 29 and additional structural 
drawings can be seen in Appendix C. 
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Figure 29: Final Structural Design Layout 
 With this layout approved by the project advisor, details were added, such as CMU shear 
walls, side brace steel, square footings, and retaining walls in the loading area, which can all be 
seen above.  The entire structural layout was then approved by a structural professor at WPI.  
 The most important part of the structural design is sizing each element in the structure.  
Failure of any part of the building can be catastrophic to the residents, owner and designers.  The 
knowledge obtained from steel structure design classes was used to sizes of all the beams, girders 
and columns.  Calculations were conducted and verified by a structural professor.  The first step 
in sizing the structural components is to determine the loads which the building will have to 
withstand. Table 3 shows the loads used in the calculations and their placement.  
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Table 3: Structural Load Values 
Type of load Loads (psf)* 
Roof 
Dead load total 47.10 
Soil1 30.10 
Plants 2.00 
Conventional Roof 15.00 
Live load 20.00 
Snow Load 55.00 
Floor 
Dead load total 55.00 
Concrete/deck2 35.00 
MEP 5.00 
Ceiling 3.00 
Partition 12.00 
Apartment live load 40.00 
1. Soil type: Stalite Extensive Mix.  Saturated Density: 91 lb/ft3.  Depth of soil: 4 inches. 
    Unit weight: 91 lb/ft3 x (4 in. / 12) = 30.1 lb/ft2 
2. Light weight concrete on steel deck. 
*Some of the loads were assumptions, and require further detailed analysis.   
 
LRFD (Load Resistance Factor Design) is the AISC Design approach 
 
Factored loads for roof and floor are listed below: 
Roof:  
Floor:  
During construction: 
D = decking weight + beam weight 
L = wet concrete weight + service load 
 
 As the loading conditions showed in the above chart, the value of distributed loads on the 
roof is relatively close to the ones on each floor, therefore the roof will use the same sizes beams 
and girders as the floors.  In the structural layout, there are two different size structural bays, 
several with a length of 36 feet and the one with a length of 39 feet.  These different bays will 
use different beam sizes but were calculated using the same formulas. 
 One thing that must be considered when sizing the beams is whether or not there will be 
shoring.  Shoring requires extra supports during construction to prevent the beams from 
collapsing when the concrete slab is still wet.  Using this method, beam sizes will be decreased, 
 
1.2D +1.6(Lr /S /R) + (0.5L /0.8W ) =1.2* 47.1+1.6*55 =144.52psf
 
1.2D +1.6L + 0.5(Lr /S /R) =1.2 *55 +1.6* 40 =130 psf
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which means less material costs, but placing and taking off supports will extend construction 
time, and increase labor costs.  The unshored method does not require any supports during 
construction; however, the only way to have the beams take all the loads without failing is to 
increase the depth.  There have been cases that structures fail during construction because 
structural engineers did not consider that the loadings in construction were larger.  The reason for 
this is that during construction, the wet concrete is not hardened yet so there is no strength in it.  
In this case, the weight of concrete will count as a live load rather than a dead load.  Live loads 
are the major cause of deflection in the beam, once deflection exceeds a limit, the beam will 
buckle and fail.  The deflection of the beams during construction governs the size in most 
unshored construction cases.  In the case of skyscrapers, it is crucial to limit floor depth to 
maximize the usage of height.  However, since this project is much smaller in scale, there is no 
concern with maximizing height usage as we are limiting costs.  Since the objective is to save the 
owner money, the proposed structure was designed as unshored.  The flowchart in Figure 30 
shows the method used for roughly sizing the full-composite beams used in this project; further 
design verification is required.   
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Figure 30: Beam Design Flow Chart 
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 The results and corresponding calculations used to determine the beam sizes can be found 
in the Appendix B of this report.  
Secondary to finding the beam sizes for this building is defining the girders, which 
support the beams.  Although there are only two different size structural bays in the proposed 
building, there are actually four applications for different size girders.  The first of which is at the 
end of the 39 foot bay, the second is between the 39 foot bay and 36 foot bay, the third is 
between the two 36 foot bays, and the fourth one is at the end of the 36 foot bay.  The concept 
used for designing the girders is essentially the same as the one used to design the beams.  
Typically instead of using uniform distributed loads, point loads are used at the points where 
beams connect to the girder.  However, in the design the team is using, the beams will be spaced 
at 5 feet on center and there will be four point loads on every girder.  Therefore, the loads are 
evenly distributed along the girders to provide distributed loads of ωLL and ωDL.  The sum of 
the factored ωLL and ωDL are used to define the maximum moment applied to the girders and 
check whether or not the selected W shape beam is sufficient for the loading case.  ωLL is also 
used to calculate the deflection of the girders, by using equation 
 
∆ =
5ωL4
384EI
.   The other 
difference is that there is no need to check the strength and deflection for girders during 
construction.  These calculations can also be found in Appendix B of this report. 
 The next step in the structural design is to determine the size of the columns.  To do so 
the beam and girder weights must be added to the dead load of each floor.  This new dead load, 
in combination with the live loads, was used to calculate the columns.  There are twenty columns 
in this structure, in order to simplify the design concept, material ordering, and structural 
assembly process, our team divided these twenty columns into three groups; corner columns, 
edge columns, and interior columns.  When calculating these twenty columns, the team designed 
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for the ones that have the biggest tributary areas in each case.  For corner columns, the ones with 
the largest tributary area are located at the corners of the 39 foot structural bays.  For the edge 
columns, the biggest are between the two 39 foot structural beams.  For the inside columns, the 
governing columns are at the intersections of the two 39 foot bays and the 36 foot bay. In the 
design W shaped beams are used for inside columns, and Rectangular HSS beams are used for 
corner and edge columns.  As the columns are compression members, the compression force that 
is applied on each column needs to be defined.  The first step in sizing the columns is to list 
down all the dead loads, which include weights of concrete on deck, beam weight, MEP, ceiling 
and partitions.  The same is true with the live load which is 40 psf for residential/office space 
according to the ASCE Regulations and 50 psf for the snow load on the roof.  The next step is to 
determine each column’s tributary area which is determined based on the fact that each column 
supports a quarter of the load of each structural bay in which it connects to, and the four quarters 
are added together.  By multiplying the load combination with the respective tributary area, the 
point load Pu on the column is determined.   
In order to size the column, one must first assume a 
 
kL
r
 value, and then go the AISC 
Manual 4-22 to find the corresponding ΦcFcr value for Grade 50 steel.  The area of the column is 
represented as 
 
Pu
ΦcFcr
.  By going to the AISC Table 1-1 for W Shape and Table 1-11 for 
Rectangular HSS shape, one will find the right shape beam according to the calculated area.  In 
the Tables one will find the radius of gyration of the X Axis and Y Axis, and the smaller of the 
two will govern the 
 
kL
r
 value.  After this is determined, one must turn back to AISC table 4-22, 
to find the corresponding ΦcFcr, and find the required area by using 
 
Pu
ΦcFcr
.  These steps must be 
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repeated until the area of the column is larger than the minimum required area.  Finally, one must 
turn to table 4-1 for W Shape beams and Table 4-3 for Rectangular HSS shape beams, and check 
the chosen columns’ ΦcPn and make sure that it is larger than the point load Pu that is applied on 
it.  To simplify the explanation of these steps, the calculations can be seen in Appendix B of this 
report. 
 With all of the steel properly sized, the final large task was to calculate the necessary size 
footings.  In this structural design, reinforce concrete spread footings were used for the columns.  
The size of a footing is primarily governed by two criteria, one is the load in which the column 
applies to the footing, and the other is the soil bearing capacity.  The soil bearing capacity has to 
be determined by a series of tests and therefore it is assumed for this site.  The site that Friendly 
House is located on is formed by significant amount shale which has a capacity of 40ksf. 
However, the actual value for this site quite possibly may be smaller since the site is likely to be 
a combination of soil and shale, which would in turn lower the soil capacity.   
The load which the building applies to each footing depends on the tributary area of the 
corresponding column that the footing supports.  Most columns in this new facility support both 
residential floors and the green roof.  The same procedure that was used in column design is 
applied here, and all the loads with the column’s tributary area are converted to a point load.  
Dead load in this case will be the weight of structure and green roof, while the live load will be 
the service load on each floor and roof, beside dead and live loads, snow load also need to be 
taken into consideration.  The formula used for calculating the total loads applied on the footings 
is seen below.  
𝐿 = 1.2𝐷 + 1.6𝐿 + 0.5𝑆 
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Once both the soil capacity and loading were defined, the minimum required size of the 
footing was calculated by dividing the factored load by the soil capacity.  The dimension of the 
square footing is simply taking the square root of the area. 
𝐴 = 𝐿𝑜𝑎𝑑
𝑆𝑜𝑖𝑙 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 
𝑤𝑖𝑑𝑡ℎ = √𝐴 
Sizing calculations resulted in three different size footings depending on which column 
they were to support.  The three resulting sizes are 18”x18”, 26”x26”, and 36”x36”.  In order to 
simplify the cost estimating and construction process, the group decided to use 36” x 36” for the 
size of all the footings.  This was decided for two reasons; one is to simplify drawings and cost 
estimates, and two, because the soil capacity is likely less than the 40ksf that was assumed. 
Further research should verify this soil capacity value by consultation with local 
professional, and the footing size and necessary reinforcement should be recalculated and 
verified according to the previous procedure.  Figure 31 shows a cross section of the concrete 
footing used in the design and Appendix C contains additional cross section details.  It should 
also be noted that the foundation pier has been over designed in order to accommodate the 8 inch 
exterior wall.  
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Figure 31: Concrete Footing Cross Section 
The final component that the team looked into was the design and placement of shear 
walls to prevent any failure due to side-sway.  According to international building codes, 
structures located in the Massachusetts area need to consider wind and seismic loads as design 
factors.  Buildings act as a cantilever beam, in which only one end is fixed, and will start 
swaying as loads are presented.  As the building height increases, more displacement will occur 
towards the top of the structure.  Those displacements will result in a failure of the structure.  
Therefore, structural members that are used to stop the building from side-swaying must be 
installed and sized.  Since the direction of wind and earthquake loads cannot be predicted, both 
the East-West and North-South directions are required to be braced against the sway.  
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In this project, the team decided to use both shear walls and V-Shaped bracing.  The 
placements of the shear walls and bracings were critical because they had to be continuous 
throughout the entire building from bottom to top.  The major constraint was that the layouts of 
the commercial kitchen and café area on the first floor could not be affected by the bracing 
locations. Thus, in the North-South direction, shear walls were installed on both sides of the 
stairs so that the exterior glass walls would not be altered.  These shear walls were designed with 
concrete masonry units due to their high strength and relatively low cost.  In the East-West 
direction, V-Shaped bracing was chosen and placed inside the exterior walls on the North and 
South side.  The V-Shaped bracing worked best for this section of the building because it can be 
installed in a way where it doesn’t affect the windows of the apartment complex. Figure 32 
shows the placement of the bracing and Appendix C contains additional drawings illustrating 
their configuration throughout the building.   Due to a limited time frame, the size of the shear 
walls and bracings were not designed in this project.  Future projects should look into the proper 
sizing and placement of the steel members and concrete masonry units.   
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Figure 32: Shear Wall Bracing 
Architectural Design 
After the structural framing of the building was determined, along with complying with 
all applicable codes, focus shifted back to completing the floor layouts.  In doing so the team had 
to tackle the integration of stairwells and exit points.  The issue discovered was that the people 
who will be living in the apartments are not the same people that will be eating in the cafeteria; 
therefore requiring separate entrance points.  Due to the fact that the apartments are above 
ground level, and they cannot enter through the café, there must be a set of stairs outdoors that 
lead onto the third floor and then continue indoors up to the fourth floor.  The difficult part was 
determining the most practical way to do so, while maintaining a clear and concise flow for both 
residents and visitors alike.  It was decided that a set of exterior stairs must be placed parallel to 
the building, leading directly onto the first floor of apartments.  Once the stairs reach the 
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apartment level, a simple wrapping stairwell aligned with the corridor will suffice in getting 
residents up and down from the two levels. To better illustrate this configuration, an illustration 
can be seen below in Figure 33, while additional drawings can be found in Appendix C.  
 
Figure 33: Stairwell Configuration 
This configuration will be replicated on both ends of the building, not only to simplify 
access, but also to comply with egress building codes.  Building codes require a point of exit 
from any location of the building in case of fire or another emergency.  Providing direct exit 
access at both ends of the corridor, this requirement is met.  Another regulation that must be met 
in regards to egress is the width of the corridor in which residents must use to exit the building. 
Building codes require a minimum width of 8 feet in the corridor and 5 feet in the stairwells. 
Therefore, the width of the corridor and stairwells are sized as so.  
 Besides access to the apartments, the team also had to assure easy access to and from the 
cafeteria and kitchen.  To do so, doors were laid out on both ends of the building, with one in the 
kitchen and another in the cafeteria.  These would again provide a way of exiting the building 
from any location within in the case of an emergency.  These doors were designed to be located 
beside the outdoor stairs to facilitate common points of access.  Based off of the location of these 
doors, the kitchen and cafeteria could be laid out accordingly.  When designing this floor, our 
team had several considerations to keep in mind.  The first of which was laying out the kitchen in 
an orderly fashion that allows for smooth transition from the storage area to preparation tables, to 
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cooking equipment, and then to a serving counter.  Amongst this fluid design, our team had to 
work around an elevator shaft that will be used to transport food to and from the kitchen to the 
loading dock.  It was important to allow enough room for all of the necessary kitchen equipment 
requested in our preliminary interviews, while maintaining enough room for movement of goods 
and personnel necessary to prepare large quantities of food.  In addition, an employee restroom 
had to be accommodated within our layout.  With the desire to systematically layout the kitchen 
in a logical fashion, our team designed the following layout that can be seen in Figure 34. 
 
Figure 34: Kitchen Floor Layout 
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 With the kitchen layout complete and the location of serving counters determined, the 
team moved on to designing the cafeteria.  This space needs to accommodate as many people as 
possible while maintaining a spacious and comfortable feeling.  To do this, the team incorporated 
a combination of long, cafeteria style tables with round, café style tables.  The traditional long 
tables are used to pack a large quantity of people in, while the modern round tables add a sense 
of class, relaxation and spaciousness.  In addition, there must be public bathrooms for both males 
and females.  It was determined that for the amount of space and number of people that will be 
accommodated, there must be three bathroom stalls for women and four for men (Balboni, 
2011).  These bathrooms need to be located in an area which is easily accessible, yet does not 
hinder the flow and design of this space.  For this reason, the bathrooms were located adjacent to 
the stairwell in the cafeteria.  While still attempting to maintain logical flow of persons through 
this space, the following Figure 35 illustrates the floor plan our team decided upon. Additional 
floor plan drawings can be found in Appendix C.  
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Figure 35: Cafeteria Floor Layout 
Exterior Facade 
 A brief exercise of architectural design of the façade was needed.  Keeping to the notion 
of wanting to create a “green building”, Professor Pietroforte suggested we look into energy 
efficient panels to be used on the outside of our building.  These panels would offer a simple 
means of exterior coverage, while increasing the R-value of the walls.  After researching several 
types of panels, it was realized that these panels were becoming very popular due to their ease of 
construction and increased level of insulation in the building.  The team chose to use sandwich 
panels that will easily hang on the outside of the structure and give the building a clean look, 
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while lowering the cost of construction.  The other advantage is their increased energy 
efficiency. The state of Massachusetts requires a minimum R-value of 13 in the walls 
(Residential Energy Efficiency, 2009).  This R-value dictates how much heat energy is 
transferred in and out of the structure.  In addition to the wall, there are also requirements for 
minimum R-values in other parts of the building.  Table 4 displays the minimum R-value 
requirements for the state of Massachusetts.   
Table 4: Minimum R-value Requirements 
Object R-Value 
Ceiling/Roof 38 
Mass Wall 13 
Wood Frame Wall 20 
Floor 30 
Slab 10 
 
The sandwich panels proposed for this building come in 4 inch and 8 inch thicknesses, 
which have respective R-values of 13 and 25.  Therefore, the team designed the building to use 
the 8 inch thick panels resulting in a wall R-value of 25 which is nearly double the state 
minimum.  The idea of increasing the building’s R-value this much is wonderful in the eyes of 
the Friendly House. These panels would help move this building in the “green” direction and 
save money on heating and cooling costs.  These panels would also assist in obtaining state 
funding by making an energy efficient building to help save the environment.  A cross section of 
these sandwich panels and their integration in the design of the building can be seen in Figure 36.   
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Figure 36: Sandwich Panel Cross Section 
 However, with such a large building, it was a concern that if panels were used on the 
entire structure, it would appear too “plain”.  To remedy this, the team looked into choosing a 
different facade for the small loading area on the street level.  The team wanted to create a 
separation from the rest of the building while maintaining a traditional Worcester look.  To do so 
we chose to use stone masonry for this area.  It is relatively small so it should not drive the price 
up that much and it will also blend in nicely to the retaining wall that will be running alongside 
the loading dock the length of the site.  This loading dock façade and retaining wall can be seen 
in Figure 37 below. 
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Figure 37: West Side Elevation (Loading Dock) 
 In addition, we wanted to open up the cafeteria area to allow natural sunlight in and give 
this space a cozier feel.  To do so, it was decided to make the east and west walls of the cafeteria 
glass curtain walls using low-emissivity, double-pane glass.  Although this will increase the price 
of the building, it will add value to the building by making it a more welcoming place for 
community members to come together.  However, it must be assured that the costs do not 
outweigh the benefits.  In addition, it must be confirmed that these glass walls meet the minimum 
U-factor (.35) for glazed fenestration in the state of Massachusetts. This U-factor dictates how 
much heat energy transmits through the glass and how much reflects off of the surface.  Further 
research into the nature of these glass curtain walls is necessary to determine whether their use is 
appropriate.  An architectural elevation of this space can be seen in Figure 38 while additional 
elevations views can be found in Appendix C.   
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Figure 38: West Side Elevation (Glass Facade) 
 Alternatively, the glass surface area could be reduced to maximize the R-value of this 
space while still allowing some natural sunlight to enter.  This option may be more economical 
for the Friendly House is they feel that this space will not benefit greatly from the incorporation 
of glass curtain walls. This alternative design can be seen in Figure 39. 
 
Figure 39: Alternative Glass Facade 
 Lastly, as previously mentioned, the team decided to design a roof garden on top of the 
building to stick with the concept of a “green” building.  As previously shown in Table 4, there 
are R-value requirements for the roof of a building.  The Massachusetts minimum R-value for a 
roof is 38.  To achieve this R-value, insulation is used.  For each inch of insulation, an R-value of 
5 is achieved (R-Value Table, 2011).  Therefore if four inches of extruded polystyrene insulation 
is used, an R-value of 20 is achieved. To reach an R-value of 38, additional insulation of some 
sort is needed.  A roof garden will do just this by providing a large amount of insulation.  For a 
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typical roof garden, each inch of growing media results in an R-value of 5, therefore with the 
designed 3 inches of growing media, an R-value of 15 is achieved (Method for Determining the 
Resistance, 2000).  The combination of growing media and polystyrene insulation gives an R-
value of 35.  The concrete on deck, waterproofing, and layers of soil filtration will allow enough 
insulation to supersede the Massachusetts minimum requirement of 38.  This is extremely 
important as the largest amount of heat in a building is lost through the roof.  Designing a roof 
garden for this building will help minimize heat transfer greatly and further improve the 
building’s energy efficiency.  This roof garden not only helps make the building green, but it also 
serves as a way to help counterbalance the increase in storm water runoff created by the 
additional impervious surfaces.  When permitting any project of this size, there are several 
regulations that must be met to assure low impact development.  Two of the main stipulations 
when submitting a storm water pollution prevention plan (SWPPP) are one, that with the 
development there is not an increase in impervious surface area, and two, that the pollution 
coefficient does not exceed the set number for the district area.  Although the rain garden alone 
may not satisfy these requirements, it will certainly make the project a lot more doable.  
However, to assure the efficiency of such a roof garden, further research is necessary to 
determine the best practices for waterproofing and drainage.  An illustration of this roof garden 
can be seen in Figure 40. 
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Figure 40: Rain Garden Cross Section 
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Chapter 4: Schedule & Cost 
 After all design phases were completed, the project team developed a schedule and cost 
estimate for the construction of the housing complex.  A schedule is useful to the Friendly House 
so that they can gain an understanding of the duration of construction for such a building.  The 
cost estimate provides a preliminary expense figure to the Friendly House that can be used to 
determine the economic feasibility of constructing the building.  Both the schedule and the cost 
estimate were developed with the intent of providing a general overview of the project duration 
and cost respectively, but further analysis should be done to produce more precise results.  
Schedule 
In order to predict the approximate time required to fully construct said transitional 
housing complex, a schedule was made using a program called Microsoft Project.  This program 
is used to map out the construction process in logical order and outline the time required in each 
step of the way.  With the restraint of time, our project team decided that a detail schedule was 
out of our reach.  Instead it was chosen to list down a serious of main activities that would be 
critical during the construction to get a good idea of the time frame.  All the activities and their 
durations were defined with respect to a previous MQP project that was done on a similar 
structure of similar size.  Most of the activities’ durations are only rough assumptions based on 
previous projects and therefore should not be looked upon as exact.   
Due to the current condition of the site, excavation and retaining walls will take the 
longest period of time.  Friendly House is located on a site composed mostly of shale and has an 
elevation difference of as much as 30 feet at some locations.  Per the previously discussed master 
plan for the new Friendly House facility, there are two main retaining walls that must be 
constructed. The first of which is located in front of the new facility and stands 10 feet tall, and 
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the other is located behind the residential complex and will stand 20 feet tall.  In order to flatten 
the surface between these two walls, a large amount of excavation and fill will be necessary.  
The combination of the large retaining walls and the mass excavation will take a significant 
amount of time depending on the soil conditions.  Therefore, the team decided to allow 120 days 
for construction of both the 20 foot and 10 foot retaining walls to be performed simultaneously.   
For some of the activities, such as erecting steel and installing floor decking, durations 
were calculated based upon a similar MQP project.  Since the structure in that project is 
approximately the same size, time consumption for those activities would be proportional.  The 
area used in the previous project is about 1.62 times larger than the area of this project; therefore 
the duration for some of the activities on this project should take 1.62 times less amount of time 
to complete.  Meanwhile the durations of some of the other activities stayed the same as the 
previous project, such as placing concrete slab on each floor and roof.  The reason behind this is 
that it takes a certain amount of time for concrete hardening to reach a critical strength regardless 
of slab size; therefore the durations of such activities stayed the same as the ones from the 
previous project.  
After all of the activities were listed in chronological order and their durations were 
computed, the group organized them and listed down the successors of each activity.  Microsoft 
Project created a whole schedule based on the group’s input, and found a critical path of this 
schedule.  According to the schedule, the entire construction process should take place from 
March 3rd 2014 to October 23rd 2015, with a duration of 19 months and 20 days.  A detailed task 
breakdown, along with the mentioned bar chart can be found in Appendix D.  Again, this is a 
rough estimate with several assumptions so further research should be done to verify the 
accuracy of this estimate.  
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Cost Estimate 
 The design and schedule of this project is useless unless there is a cost associated with it.  
The team needed to provide a rough estimate of the cost of constructing such a building in order 
for the Friendly House Board of Directors to determine if this project is even feasible.  In an 
attempt to do so, while battling the restraint of time, our team looked to R.S.Means for 
assistance. R.S.Means is a cost estimating reference book that has up-to-date cost information for 
all aspects of a construction project.  This reference book outlines individual products and tasks 
with individually allocated cost/unit or cost/square foot for each.  These prices include material, 
labor, and shipping, making the estimating of a large building much simpler.  It also includes 
location factors that adjust the price depending on where in the country the project is to take 
place, broken down by city and state.  Lastly, it also provides inflation data for the past ten years 
again broken down by city and state.  This allows for a very accurate cost estimate with a bit 
more ease. The team went through the 2011 R.S.Means Square Foot Costs reference manual 
page by page and recorded the cost for every element of the proposed building.  Table 5 shows a 
breakdown of the costs for this building. A detailed breakdown of this cost estimate can be found 
in Appendix D. 
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Table 5: Summarized Cost Estimate 
 
 As you can see in the above table, the costs are divided by category and within each 
category they are broke down further by details.  This summary table leaves out the individual 
detail prices and sums up the totals of the categories.  The majority of the prices are directly 
taken from the 2011 R.S.Means square foot costs manual. The team went page by page through 
said book and recorded the price and quantity for everything that is included in the designed 
building.   
A few items were not found in the R.S.Means book and therefore were assumed.  One of 
these assumptions was with the Agriboard panels.  Since these panels are relatively new and not 
often used, their square foot cost is not found in this manual.  Therefore research was necessary 
to determine the cost.  The Agriboard website advertised a material cost of $2.37/square foot.  
However, the team still had to determine an approximate cost for transportation and installation.  
A study was done in New Hampshire in 2011 to determine the cost of installation of the 
Agriboard panels.  It was determined that installation cost $0.97/square foot; however, this price 
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had to be adjusted for labor rates in Massachusetts.  After adjusting these rates it was determined 
that an installation cost of $1.08/square foot could be expected in Worcester.  The last element 
was to estimate the shipping cost.  Agriboard is manufactured in Texas resulting in long distance 
delivery so our team made an educated guess for transportation costs of $1.00/square foot.   
 It must also be noted that a few aspects were not included in this preliminary estimate.  
One item that was left out is the furniture and the other is excavation.  Furniture was left out 
because specific furniture items are not included in the R.S.Means manual and would result in a 
very tedious task of having to choose which furniture the Friendly House would like to have.  
Therefore we left these items out to be determined by Friendly House staff.   The excavation was 
left out due to the number of assumptions and variables involved in pricing.  As stated before, 
the Friendly House site has a lot of shale and the actual soil conditions throughout the site are 
unknown.  Depending on how much shale is present, the cost of excavation could vary greatly.  
In addition, with the apartment complex being located on Montreal Street, the existing structures 
will need to be knocked down and cleared out.  With so many unknown variables, the project 
team did not perform a complete cost estimate of the site work because of the inaccuracies that 
would be inevitable.  However, the project group felt it necessary to discuss the implications that 
the subsoil conditions would have on the cost of site work.  Pictured below in Table 6 are the 
excavation costs for solely the footprint of the building with a 10 foot additional offset on all 
sides except the West End.  
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Table 6: Excavation Cost Estimate 
Excavation Conditions 
Quantity of Common Earth 
(B.C.Y.) 
Quantity of Rock 
(B.C.Y.) 
Total 
Cost 
80% Common Earth, 20% Rock 3130.4 782.6 18782.4 
70% Common Earth, 30% Rock 2739.1 1173.9 23869.3 
60% Common Earth, 40% Rock 2347.8 1565.2 28956.2 
50% Common Earth, 50% Rock 1956.5 1956.5 34043.1 
40% Common Earth, 60% Rock 1565.2 2347.8 39130 
30% Common Earth, 70% Rock 1173.9 2739.1 44216.9 
20% Common Earth, 80% Rock 782.6 3130.4 49303.8 
    Total Excavation Required=   
3913 C.Y. 
   Common Earth Excavation = 
2.20/B.C.Y. 
   Drilling Rock, Open Face = 
15.20/B.C.Y 
    
 The table illustrates the effects that rock within the subsoil has on the total cost of 
excavation of the 3913 C.Y. of cut that is required for the area.  It is seen that as the percentage 
of rock rises, so does the total cost.  With only 20% rock it would cost approximately 20,000 
dollars.  Meanwhile, if the subsoil consists of 80% rock, that figure rises close to 50,000 dollars.  
This is caused by the extreme increase in costs per C.Y. for excavation of subsoil with rock 
compared to common earth.  According to R.S. Means (2011), drilling rock is almost 7 times 
more expensive to excavate than common earth.  
 The project team realizes that the cost estimate shown above is much less than what the 
actual figure would be because it has excluded costs associated with other components like 
temporary retaining walls, the relocation of utilities, and demolition.  However, it can still be 
observed how much of an impact the subsoil conditions can have on the total cost.  It is know 
that there are large amounts of shale in the area, but its’ precise quantity is not known.  Thus it 
would be extremely useful to gather this information in order to perform a more accurate 
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estimate of the site work.  In fact, if there is an enormous amount of shale present, Friendly 
House might find it too costly to excavate this particular area, and may deem this project 
impractical.  
 In addition to the basic costs of this structure, the team also had to adjust the final cost for 
location, inflation, overhead, and profit.  The price of this project needs to be factored with 
inflation as the project will not take place this year.  For this project’s sake, it was assumed that 
construction would not take place until March of 2014 and would last till September of 2015.  
Therefore, inflation must be considered for the next two years.  R.S.Means includes inflation 
factors for the past ten years that were used to determine an expected inflation of 2% for the next 
two years.  By adding 2% inflation to the total cost of $4,406,620, an estimated cost for the year 
2014 was determined to be $4,607,401.  If the project is stated after the assumed March 2014 
date then additional inflation must be considered.  Also, the prices found in R.S.Means are a 
national average that needs to be factored to determine the expected cost in Worcester 
Massachusetts.  Worcester has a location factor of 1.10 meaning that the total price of 
$4,607,620 must be multiplied by 1.10 resulting in a cost greater than the national average of 
$5,068,141.  Finally, profit and overhead must be added to accurately determine the expected 
cost for this project.  R.S.Means uses a default value of 25% to cover the contractor’s general 
expenses, overhead, and profit margin.  After adding this 25% a total cost of $6,335,176 is 
expected.  Again, this cost does not include everything needed for this project but it offers the 
Friendly House an accurate figure that can be used to determine if this project is feasible as is or 
if it needs to be evaluated further.   
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Chapter 5: Results & Conclusions 
Since this project first began, it has evolved and improved in several ways so that the 
final product could help the Friendly House organization as much as possible in achieving their 
goals.  From developing a proper scope, to creating a master plan, and finally designing a low-
income transitional housing complex, there have been several steps taken in each phase to 
complete the project in such a way that the team feels like the Friendly House can truly benefit 
from it.  Upon completion of the project, the team conducted a presentation to the Friendly 
House board of advisors that generally explained the above-mentioned steps and final results.  
This section of the report provides a more detailed overview of what was presented to the 
Friendly House and discusses what the project team has been able to accomplish. It also 
addresses several issues that need to be considered in the future so that Friendly House can one 
day realize its ultimate goal.  
Master Plan 
 Over the course of the project, two different master plans were developed that revolved 
around two scenarios: one which included a new gym facility and one which kept the existing 
gym facility in-tact.  After collaboration, the team concluded that the master plan with the 
existing gym would be most practical and economically feasible.  Thus, this master plan was 
used as the final product presented to Friendly House.  The plan keeps the “tiered” concept in 
mind that was discussed in the beginning phases of the project and allows for a separation of 
recreational activities.  The second, upper tier consists mainly of the recreational playing field 
and the area of land that will be utilized by the city of Worcester as a park.  Meanwhile, the first 
tier is where the main buildings are situated along with the parking lots and additional 
recreational areas.  As the master plan indicates, the final size of the new Friendly House facility 
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was determined to be three stories and approximately 39,375 square feet and will connect to the 
existing gym. The low-income, transitional housing complex is located farther North and was 
designed to be three stories as well with a loading dock for a total of 35,096 square feet.   
Comprising the rest of the site, the parking lots along with roadside parking will satisfy Mr. 
Hargrove’s requests of parking space.  All of these elements, integrated with the green space, 
walkways and stairways formulate a master plan that will surely meet the needs of the Friendly 
House and the community residents whom utilize their services. 
 With all this being said, the most convenient and pleasing master plan is not always the 
most feasible.  The team indeed believes that the Friendly House site can one-day achieve the 
designed master plan, but also suggests that certain elements should be further considered to 
check for feasibility.  The major variable that this master plan depends on is whether or not it 
will be economically possible to alter the site so all of these components can take place.  First 
off, previous sections show how much more expensive it is to excavate shale compared to 
common earth, so before this master plan can become a reality it must be checked that the cost of 
excavating the large amounts of shale throughout the site and leveling the land where need be is 
worth it to the Friendly House.  If it is in-fact economically feasible for the site to be excavated 
properly, retention walls will then need to be constructed throughout the site.  The quantity of 
retention walls that are needed in order to make sure that the site remains stable will undoubtedly 
be another enormous cost.  Therefore, Friendly House should examine if it really wants to 
remain with this “tiered” system (where large retention walls will be needed), or if it should 
consider an alternate design that will reduce the need for retention walls across the site.  If the 
Friendly House can consider such potential complications and address them, then the current 
master plan could be altered accordingly.  Either way, the team feels that the master plan is a 
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great initial concept to build future work and studies off of in order to determine what works best 
for Friendly House.  
Low-Income, Transitional Housing Complex 
 The main focus of this project was the design and implementation of a secondary 
structure to host an industrial kitchen and transitional housing complex.  The master plan 
developed by the team incorporated such a building in a site design that we saw as not only 
practical but aesthetically pleasing as well.  In a project of this size, funding was a main concern, 
leading to the idea of constructing low-income housing units to generate revenue.  These low 
income housing units would serve as transitional housing for the underprivileged in the 
community, while supplying a steady stream of revenue for the Friendly House.  Our team’s 
research and design exercises led to a three-story building with a street level loading dock.  The 
street level loading dock will be used to distribute meals and receive shipments to and from the 
kitchen, while the ground floor will be home to the new industrial kitchen and cafeteria.  This 
space will allow the Friendly House to host large functions and provide a large quantity of food 
for those in need.  The next two stories will host the low-income apartments, each story 
consisting of six two-bedroom apartments and two three-bedroom apartments.  These units, and 
their corresponding layouts, should adequately serve the needs of the community and supply an 
efficient source of revenue for the Friendly House for years to come.   
The structure of this building is composed of steel beams, girders, and columns, with 
concrete masonry units alongside the stairwells to provide shear resistance.  Steel was chosen as 
the most cost effective structural component for this building, however, future research could be 
done to illustrate the cost effectiveness of steel and verify that it is the ideal material for this 
building.  This building was designed using Agriboard sandwich panels and a green roof to save 
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on utility costs and help create an energy efficient building. These features should not only help 
save money, but also stimulate additional funding from the government and private donors.  
Additional research should be conducted to determine if other energy conscious features could 
be incorporated in the current design. 
The project team feels that the current design of a low-income, transitional housing 
complex is the best option for the Friendly House going forward.  The size, location, material, 
and purpose were all determined for very specific reasons that made the most sense at the time.  
Future research should be done to verify that the current design is the best solution.  Most 
importantly, a thorough cost analysis should be done to determine if the building as currently 
designed is worth the money or if it must be shrunk, expanded, or disbanded all together. 
Future Projects 
Due to the intensity and time constraint of this project, there are several aspects of our design 
that were not fully researched.  These details must be taken into consideration and further 
evaluated in future related projects done for Friendly House.  This section will outline a few 
areas that the team would suggest future projects concentrate on. 
1) Site Evaluation: The soil condition of the Friendly House site was not defined prior to 
this project, so the team made a few assumptions which could be far from reality.  A series of 
sophisticated bore tests of the soil at different locations on the site are required.  The major 
reason behind these tests is that the structure of the house, project cost, and project duration 
vary greatly depending on the soil property.  The footing size is fully dependent on the soil 
bearing capacity.  Since the type of soil on the Friendly House site is a combination of earth 
and shale, the soil capacity changes as the percentage of each material present changes.  In 
this case, the footing sizes will have to increase dramatically if common earth is the 
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dominating material, where as they can decrease in size if the site turns out to be completely 
shale.  The cost of site work is also governed by the soil condition.  If there were a lot of 
shale, blasting would be necessary and this would be a longer and very costly process.  On 
the contrary, if common earth is the dominating material, extra material may be required for 
footings and therefore increase the cost as well.  Lastly, the duration of excavation and 
construction of retaining walls is currently set to be 120 days for this project, and it is one of 
the critical activities of this construction process.  This means that the changes of duration 
made to this activity will also change the duration of the entire construction period.  If more 
shale was found on the site, it is most likely going to elongate the time consumption of the 
whole project, and push back all the activities, again increasing the overall project cost.  
After determining the soil condition, a future group can analyze whether or not it is 
worthwhile to build this new facility on this site or move it to a different location, or scrap 
the idea entirely. 
2) Cost Effectiveness Research: Even though this project was completed under the 
assumption that the Friendly House had an infinite amount of money to pay for everything, 
the team still designed with the hopes of reducing the project cost.  However, there are 
certainly other ways to further reduce the costs and a future group could take a closer look at 
where costs can be cut.  At the same time, a value analysis could be done to determine how 
long it will take for Friendly House to get all their investment back.  Based on these numbers, 
the group can determine if it is necessary to make any changes to the house such as increase 
or decrease the number of apartments or use different types of the materials for construction.  
It must be noted that in doing so, all of the changes that will be made to the current house 
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design must agree with Worcester Building Codes and all the other elements that appear on 
the Master Plan need to be changed accordingly.  
3) Structural Design: This project was not centered on structural design, so all of the 
elements were roughly sized, and may need more detailed design.  A future group that has a 
sincere interest in structural design could carry out detailed calculations to verify our results.  
In addition, there are several structural components that have yet to be calculated that can be 
a focus of a future project.  Some of these components are side sway, bracing, connections, 
and shear studs.  If soil conditions are defined and design of the upper structure is complete, 
the footings will need to be resized and reinforcement needs to be added.   Besides the 
structure of the house, the two retaining walls need to be dimensioned and reinforced and/or 
evaluated to determine if alternative solutions exist rather than building a 20 foot tall 
retaining wall.   In this project, the team came up with three different structural layouts, and a 
future group can do calculations for all three scenarios and figure out the most cost effective 
layout or come up with another solution.  At the same time, the group could look into 
whether or not a steel structure is the ultimate solution for the Friendly House, or if another 
construction material would better suit the application. 
4) Energy Efficient Design: One of the main concerns Friendly House expressed is its lack 
of funding for the project.  An energy efficient building can be a great advertisement for fund 
raising, as they might be able to get more donations from government agencies and private 
donors to have their dream come true.  In this project, sandwich panels and a green roof are 
the two major green features that were incorporated in design; however, there may be more 
energy conscious elements that can be added to further improve the energy efficiency of this 
complex.   
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5) Second and Third Phase Construction: As mentioned in the report, there will be second 
and third phases of this project, which include removing the current Friendly House facility, 
constructing a new facility in its place, and adding additional site features such as 
recreational space and parking.  The new Friendly House facility will host all the activities 
that Friendly House currently provides in addition to new service they hope to provide in the 
near future.  A future project group could look into the design, schedule, and cost estimate of 
the new Friendly House facility and other site components included in the designed master 
plan for phase two and three.  At the same time, the group could also detail the exact layout 
of the recreational space outdoors. 
Final Thoughts and Thanks 
The project team would like to sincerely thank everyone who had a hand in making this 
project as successful as it was.  It is with their help that the team could narrow its focus and 
produce a final product that will hopefully pay great dividends to the Friendly House 
organization.  Working with Friendly House and everyone else involved has made this 
experience truly rewarding and fulfilling for the team, just as the team hopes that the completed 
work will be able to help the Friendly House organization reach all of its goals.  With this being 
said, the team would like to wish everyone involved, mostly importantly the Friendly House 
organization, the best of luck in the future and hopes that the completion of this project has 
exceeded their expectation and can contribute to the bright future that Friendly House holds. 
  
  116 
References 
Abderrazza, Andrew A., Christopher Mark Lacagnina, and Derek W. Snow. Elderly Housing 
Design in Charlton, Massachusetts. Rep. Print. 
"Agriboard Panels." Agriboard Industries. 2012. Web. 31 Jan. 2012. 
<http://www.agriboard.com/panels_from_agriboard.htm>. 
"All Aboard! -- The Boys & Girls Club of Worcester Worcester, Mass." Recreation 
Management. 2007. Web. 18 Jan. 2012. <http://www.recmanagement.com/200705aw2p.php>. 
Allen, Edward, and Joseph Iano. Architect's Studio CCmpanion: Rules of Thumb for Preliminary 
Design. Fourth ed. Hoboken, NJ: John Wiley & Sons, 2007. Print. 
 
"AutoCAD Civil 3D - Features." Autodesk - 3D Design & Engineering Software. 2012. Web. 19 
Jan. 2012. <http://usa.autodesk.com/civil-3d/features/>. 
Balboni, Barbara. RSMeans Square Foot Costs 2011. 32nd ed. Kingston, Ma.: R S Means, 2011. 
Print. 
"Consigli Featured Projects." Consigli Construction. 2012. Web. 18 Jan. 2012. 
<http://www.consigli.com/portfolio/non-profit-organizations/project-place-gatehouse-project/>. 
"Coordinating and Sharing Information with Revit Architecture and Revit Structure." Autodesk 
University 2007. 2007. Web. 19 Jan. 2012. 
<http://www.lukewarmcoffee.com/revit/Coordinating%20and%20Sharing%20Information%20w
ith%20Revit%20Architecture%20and%20Revit%20Structure.pdf>. 
Dzambazova, Tatjana, Eddy Krygiel, and Greg Demchak. Introducing Revit Architecture 2010: 
BIM for Beginners. Indianapolis, IN: Wiley Pub., 2009. Print. 
"Friendly House History." Friendly House. 2010. Web. 25 Feb. 2012. 
<http://www.friendlyhousema.org/about/history/>. 
Handicap Ramp Design and Construction Guidelines. Tech. Wheelchair Ramp Assistance 
Program, 2006. Print. 
"Install a Green Roof." Philadelphia Water Department, 2011. Web. 18 Jan. 2012. 
<http://www.fairmountwaterworks.org/GreenRoof.pdf>. 
Lane, Penelope. "New Project Place Quarters to Open in South End." Boston Homes: The 
Complete Guide. 17 Feb. 2007. Web. 18 Jan. 2012. 
<http://www.projectplace.org/Media/Boston%20Homes%202.17.07.pdf>. 
Martinelle, Lorraine. "WPI Installs Worcester's First Living Green Roof Atop New Residence 
Hall." WPI Installs Worcester's First 'Living Green Roof' Atop New Residence Hall. WPI, 2008. 
Web. 27 Feb. 2012. <http://www.wpi.edu/news/20089/greennews.html>. 
 
  117 
Method for Determining the Resistance “R” Value Of Treated And Untreated Bases, Subbases, 
And Basement Soils By The Stabilometer. Tech. Department Of Transportation, Engineering 
Service Center, Transportation Laboratory, Mar. 2000. Web. Feb. 2010. 
<http://www.dot.ca.gov/hq/esc/ctms/pdf/CT_301.pdf>. 
Neufert, Ernst. Architects' Data. Hamden, CT: Archon, 1970. Print. 
Parking Standards. Tech. no. Table 26C. City of Lafayette, 2011. Print. 
"Portfolio- Boys & Girls Club of Worcester." Bargmann Hendrie and Archetype Inc. 2012. Web. 
2012. <http://www.bhplus.com/>. 
Programs & Services." Boy & Girls Club of Worcester. 2012. Web. 18 Jan. 2012. 
<http://www.bgcworcester.org/main.asp?id=7>. 
"Project Place Housing." Project Place. 2012. Web. 18 Jan. 2012. 
<http://www.projectplace.org/housing.html#>. 
"R-Value Table." ColoradoENERGY.org. 2011. Web. 25 Jan. 2012. 
<http://www.coloradoenergy.org/procorner/stuff/r-values.htm>. 
"Residential Energy Efficiency." 2009 International Energy Conservation Code. International 
Code Council, 2010. E-Codes. Web. Feb. 2012. <http://ecodes.citation.com/cgi-
exe/cpage.dll?pg=x&rp=/indx/ICOD/iecc/2009/icod_iecc_2009_4.htm>. 
Salvatore, Sergio. Architectural Programming for Social Services Facility. Rep. no. RP-FH01-
50. Gordon Library. Web. Sept. 2011. <http://www.wpi.edu/Pubs/E-
project/Scanned/02C003I.pdf>. 
Site Work & Landscape Cost Data. Kingston, MA: R.S. Means, 2009. Print. 
Steel Construction Manual. [Chicago, Ill.]: American Institute of Steel Construction, 2005. Print. 
McCormac, Jack C. Structural Steel Design. Upper Saddle River, NJ: Pearson/Prentice Hall, 
2008. Print. 
Tutt, Patricia, David Adler, and Leslie Fairweather. VNR Metric Handbook of Architectural 
Standards. New York: Van Nostrand Reinhold, 1979. Print. 
United States. City of Worcester. Office of the Clerk. Zoning Ordinance. City Council, 14 June 
2011. Web. Nov. 2011. 
<http://www.worcesterma.gov/uploads/16/39/163951019843aa8e667c2918536c79c8/zoning-
ord.pdf>. 
Waier, Phillip R. "Structural Steel Framing." Building Construction Cost Data 2011. 69th ed. 
Kingston, MA: R.S. Means, 2010. 119-23. Print. 
"What LEED Delivers." U.S. Green Building Council. 2011. Web. 18 Jan. 2012. 
<http://www.usgbc.org/DisplayPage.aspx?CMSPageID=1990>. 
  118 
Appendix A: Detailed Space Requirements 
2011 MQP Size Requirements 
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Size Comparison: 2011 MQP vs. Salvatore’s Estimate  
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Appendix B: Structural Calculations 
Beam Design 
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Girder Design 
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Column Design 
Type of load Loads (psf)* 
Roof 
Dead load total 47.10 
Soil1 30.10 
Plants 2.00 
Conventional Roof 15.00 
Live load 20.00 
Snow Load 55.00 
Floor 
Dead load total 55.00 
Concrete/deck2 35.00 
MEP 5.00 
Ceiling 3.00 
Partition 12.00 
Apartment live load 40.00 
1. Soil type: Stalite Extensive Mix.  Saturated Density: 91 lb/ft3.  Depth of soil: 4 inches. 
    Unit weight: 91 lb/ft3 x (4 in. / 12) = 30.1 lb/ft2 
2. Light weight concrete on steel deck. 
*Some of the loads were assumptions, and require further detailed analysis.   
 
Factored loads for roof and floor are listed below: 
Roof:  
Floor:  
Roof and Floor Dead Load:  62psf (including weight of beams and girders) 
Total Dead Load per Unit Area around Each Column:  62 x 3 = 186psf 
Floor Live Load:  40psf for each floor 
Total Live Load per Unit Area around Each Column:  40 x 2 = 80psf 
 
1.2D +1.6(Lr /S /R) + (0.5L /0.8W ) =1.2* 47.1+1.6*55 =144.52psf
 
1.2D +1.6L + 0.5(Lr /S /R) =1.2 *55 +1.6* 40 =130psf
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Snow Load:  55psf 
Total Load per unit area used:      
 
load _ per _ unit =1.2D +1.6L + 0.5S = 378.7psf  
Design for Corner Columns: 
Tributary area:      Area=243.75 ft2 
Point Load Acts on the Column:     
 
Pu = load _ per _ unit × Area = 378.7 × 243.75 = 92.31kip  
Assumption (according to AISC Table 4-22)     
 
kl
r
= 50   
 
ΦFcr = 37.5ksi  
Column Cross Section Area:     
 
A =
Pu
ΦFcr
=
92.31
37.5
= 2.85in2  
Choose A Column According To the Area Above:     HSS 4 x 3 x ¼     A = 2.91 in2     rx =1.74     ry = 1.16 
 
kl
r
=
1×12 ×12
1.16
=124 
Look for ΦFcr Value From AISC Table 4-22:     ΦFcr=14.7ksi 
Calculate The Minimum Required Column cross section Area:     
 
A =
Pu
ΦFcr
=
92.31
14.7
= 6.28in2  
Since 6.28 in2 > 2.91 in2, Seek For A new Column From AISC Table 1-11: 
HSS 5 x 4 x 3/8     A = 5.48 in2     rx =1.81     ry = 1.52     
 
kl
r
=
1×12 ×12
1.52
= 94.74 
Look For ΦFcr Value From AISC Table 4-22:      ΦFcr=23.3ksi 
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Calculate The Minimum Required Column cross section Area:     
 
A =
Pu
ΦFcr
=
92.31
23.3
= 3.96in2 
Since 3.96 in2 < 5.48 in2, HSS 5 x 4 x 3/8 Satisfies the Scenario.  
Design for Edge Columns: 
Tributary Area:  Area=487.5 ft2 
Point Load Acts on the Column:     
 
Pu = load _ per _ unit × Area = 378.7 × 487.5 =184.62kip 
Assumption (According to AISC 4-22):      
 
kl
r
=100   
 
ΦFcr = 21.7ksi 
Column Cross Section Area:     
 
A =
Pu
ΦFcr
=
184.62
21.7
= 8.51in2  
Choose A Column According to the Area Above From AISC Table 1-11:     HSS 10 x 4 x 3/8     A = 8.97 in2     rx =3.41     ry = 1.64 
 
kl
r
=
1×12 ×12
1.64
= 87.8 
Look For ΦFcr Value from AISC Table 4-22     ΦFcr=25.5 
Calculate The Minimum Required Column cross section Area:     
 
A =
Pu
ΦFcr
=
184.62
25.5
= 7.24in2  
Since 7.24 in2 < 8.97 in2, HSS 10 x 4 x 3/8 Satisfies the Scenario.  
Design for Interior Columns: 
Tributary Area: 937.5 ft2 
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Point Load Acts on the Column:  
 
Pu = load _ per _ unit × Area = 378.7 × 937.5 = 355kip 
Assumption (According to AISC 4-22):      
 
kl
r
= 50   
 
ΦFcr = 37.5ksi  
Column Cross Section Area:     
 
A =
Pu
ΦFcr
=
355
37.5
= 9.47in2 
Choose A Column According To The Area Above From AISC Table 1-1:     W14 x 43     A = 12.6 in2     rx =5.82     ry = 1.89 
 
kl
r
=
1×12 ×12
1.89
= 76.19 
Look For ΦFcr Value From AISC Table 4-22  ΦFcr=29.5 
Calculate The Minimum Required Column cross section Area:     
 
A =
Pu
ΦFcr
=
355
29.5
=12.0in2  
Since 12.0 in2 < 12.6 in2, This Column Satisfies the Scenario.  
  
  134 
Footing Designs: 
Soil Bearing Capacity:  40ksf (Assume the whole site is shale) 
Corner Footing: 
Point Load Applied To Footing by Column (With Column weight): 
 
P = Pu + factored _ column _ weight = 92.31+1.2 ×19.75 × 40 /1000 = 93.26kip 
Area of Footing:     
 
A =
P
Soil _ Bearing_Capacity
=
93.26
40
= 2.33 ft2  
Footing Dimension:  
 
w,l = A = 2.33 =1.526 ft =18.3in  
Footing sizes:   18.3in x 18.3in 
Edge Footing: 
Point Load Applied To Footing by Column (With Column weight): 
 
P = Pu + factored _column _ weight =184.62 +1.2 × 32.51× 40 /1000 =186.18kip  
Area of Footing:  
 
A =
P
Soil _ Bearing_Capacity
=
186.18
40
= 4.65 ft2  
Footing Dimension: 
 
w,l = A = 4.65 = 2.16 ft = 26in  
Footing sizes:  26in x 26in 
Interior Footing: 
  135 
Point Load Applied To Footing by Column (With Column weight): 
 
P = Pu + factored _column _ weight = 355 +1.2 × 43 × 40 /1000 = 357.1kip 
Area of Footing: 
 
A =
P
Soil _ Bearing_Capacity
=
357.1
40
= 8.93 ft2 
Footing Dimension: 
 
w,l = A = 8.93 = 2.98 ft = 36in    
Footing sizes:  36in x 36in 
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Appendix C: Detail Drawings 
 
Figure 41: Existing Lot Boundaries 
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Figure 42: Existing Conditions Plan 
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Figure 43: Front of Friendly House Profile 
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Figure 44: Mid Friendly House Profile 
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Figure 45: Montreal Street Profile 
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Figure 46: Shale Street Profile 
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Figure 47: Master Plan Site Improvements 
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Figure 48: Master Plan Layout 
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Figure 49: Parking Layout 
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Figure 50: Building Setback 
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Figure 51: North & South Elevation 
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Figure 52: East & West Elevation 
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Figure 53: Cross Section 
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Figure 54: Apartment Layout 
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Figure 55: Kitchen & Cafeteria Layout 
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Figure 56: Loading Dock Layout 
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Figure 57: North Elevation Structural View 
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Figure 58: South Elevation Structural View 
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Figure 59: East & West Elevation Structural View 
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Figure 60: Loading Dock Structural Layout 
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Figure 61: Kitchen & Cafeteria Structural Layout 
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Figure 62: Second Floor Structural Layout 
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Figure 63: Third Floor & Roof Structural Layout 
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Figure 64: Detailed Cross Section 1 
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Figure 65: Detailed Cross Section 2 
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Figure 66: Rendered House View 1 
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Figure 67: Rendered House View 2 
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Figure 68: Rendered House View 3 
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Figure 69: Rendered House View 4 
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Figure 70: Rendered Outside Kitchen View 
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Figure 71: Rendered Inside Kitchen View 
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Figure 72: Rendered Apartment View 
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Appendix D: Detailed Cost Estimate and Schedule 
Condensed Summary of Preliminary Cost Estimate 
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Detailed Summary of Preliminary Cost Estimate 
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Schedule Task Breakdown 
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Project Duration Bar Chart 
 
